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ABSTRACT

Clover is the most widely grown forage crop in
the world and has a higher feed value compared to
all the other forage crops. It is the most popular fod-
der thanks to its wide adaptability, nitrogen-binding
ability to the soil and the high amount of protein it
eliminates from the unit area.

The present study determines the genetic struc-
tures and diversity of Medicago sativa cultivated in
the plains of Bingdl province of Turkey. Accordingly,
the genetic similarities and differences between the
clover populations grown using ancestral seeds and
commercially purchased seeds were investigated.
The sequence analysis information of the non-coding
“trn” regions of the chloroplast genome and the ITS
region of the nuclear DNA were used for the exami-
nation of the similarities and differences. Accord-
ingly, 31 individuals from 11 different regions were
analyzed.

Although the local clover genotypes grown in
the plains of Bingdl morphologically vary from one
to another, the rate of this variation is not adequate
enough for the formation of a new species. There are
observed changes occurring as a result of cloves’ ad-
aptation to the environment where they grow. The
products obtained by ancestral seeds and purchased
certified seeds are genetically identical.

This study is very important since it is the first
molecular-based systematic study in which various
populations of Medicago sativa species cultivated in
Bing6l province were included.
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INTRODUCTION

Turkey, because many plants found it is the
gene center of the species and the variety of plants it
is one of the richest countries in the world [1, 2]. The
genus Medicago is distributed worldwide and con-
sists of approximately 83 species [3]. Medicago sa-
tiva L. comprises approximately 50 species and is in
the Trifolieae-Clover tribe [4]. The grown alfalfa
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(Medicago sativa L.) is autotetraploid (2n = 4x = 32),
and it is the propagated seed and cross-pollinated [5].

Clover (Medicago sativa), a perennial forage
legume plant, in dry and watery conditions. It is an
important forage plant that can be grown. Alfalfa has
wide adaptability, nitrogen binding to the soil, excess
amount of protein removed from the unit area, as
well as for bees. Being a good source of nectar in-
creases its importance even more. Besides, alfalfa it
is a very rich food source in terms of mineral sub-
stances and vitamins on the world on the world.
There are 60 species belonging to the Medicago ge-
nus. There are 30 species in Turkey. Being the Kay-
seri, Karaagag, Eastern Anatolia and Bayindir types
of alfalfa grown in Turkey. There are 4 ecotypes. The
first two of these have adapted to the conditions of
Central Anatolia [6] Turkey is rich in clover species.
Clover with about 30 species, its cultivation it has
higher feed value than almost all feed plants made.
In unit area dry and green grass for all types of ani-
mals as well as very high crude protein yield that it
is delicious and nutritious [7].

Synthetic variety breeding is most effective and
intensive method to improve perennial forage crops
like alfalfa through polycross. Classical breeding
studies require long time to select individual clones
for synthetic variety production [8].Clover is distrib-
uted around the world and grows in highly con-
trasting environments. This geographic adaptation
promotes genetic diversity and allows breeders to
use a variety of genotypes in the breeding program
[9].

In this study, for the local common alfalfa
(Medicago sativa L.) genotypes cultured in Bingol
Lowland Molecular characterization and phyloge-
netic analyzis studies have been done. As the main
goal of the study, the non-coding trnL.3’- trnF region
of cpDNA and nuclear DNA ITS region was ampli-
ficated with specific universal primersand phyloge-
netic relationships between populations were tried to
be determined. The additional data was provided that
cast light on evolutionary diversity and systematic
relations of Medicago sativa. Furthermore, the hap-
lotypes of the abovementioned species were submit-
ted for the GenBank database for the first time by us.
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MATERIALS AND METHODS

Volume 30— No. 12/2021 pages 13095-13101

Taxon sampling: Within in the scope of this
study, together with 31 different individuals belong-
ing to taxa at species levels of Medicago taxons as
being gathered from populations in 11 different re-
gions in Bingol-Turkey, Trigonella filipesi Boiss.
Species belonging to the family Fabaceae as out-
group were used.

Localities and detailed data where the investi-
gated taxa were gathered were given in Table 1.

DNA Isolation and PCR amplifications: In
DNA isolation, fresh leaf texture of plants that were
gathered during the land survey conducted by Erdal
Cacan were used. By modifying CTAB (Cetyl Tri-
methyl Ammonium Bromide) method, DNA isola-
tion was realized manually [10]. By measuring the
concentrations of isolated DNAs with nanodrop
spectrophotometer, they are adjusted to 25 ng/ul .
Stock DNA was preserved at -20 C.

In PCR studies conducted by using trne-trnf
and ITS4-ITSS primers, #nlL3’-trnF region (nearly
150-200 nucleotide length) and ITS region (nearly
700-850 nucleotide length) for 31 samples has been
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multiplied. Sequence of primers that were used to
amplified regions were given in Table 2 [11]. Aiming
to make the final concentration for PCR studies to be
50 pL, by mixing 10uL buffer, 3 nL MgCI2, 1 uL
dNTPs, 0,50 pL from each primer (forward ve
rewerse), 0,50 uL taq polymerase and nearly 6 ng
(2,70 puL) template DNA were mixed and PCR de-
vice was repeated for 30 cycles, having 2 min 95°C
initial denaturation, 1 min 95°C denaturation, 40 s
57°C annealing, 1 min 72°C extension and 5 min
72°C final extention. PCR products were monitored
in agarose gel with %1 ratio.

Sequence Analysis: Two-way reading was ap-
plied to the amplification products. PCR purification
process was realized before sequence analysis. Puri-
fication and sequencing process were realized by
Macrogen Company. In order to evaluate the data of
chromatogram, Finch TV 1.4 version was used. The
populations of the species in question were collected
from 11 different cultivated regions within the Bin-
g0l province, and a total of 31 individuals were in-
cluded in the analyses. X version of Mega program
was used for sequence alignment and the analysis of
data and they were overlapped at Clustal W step.
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TABLE 1

Information of Medicago sativa Localities and detailed data

Populations of the genus Medicago sativa

Latitude - Longitude

M. sativa — Mesedali village
M. sativa — Tasligay village
M. sativa — Mutluca village
M. sativa — Cevirme village
M. sativa — Selekan village
M. sativa — Senkoy village
M. sativa — Servi village
M. sativa — Ortakoy village
M. sativa — Yelesen village
M. sativa — Kadran

M. sativa — Kale village

38°47'09.3"N 40°37'48.9"E Bingol, Geng

39°16'44.9"N 40°57'31.6"E Bingol, Karliova

39°01'56.5"N 40°52'04.2"E Bingo6l, Solhan

38°41'18.1"N 40°38'09.8"E Bingol, Geng

39°07'42.5"N 41°11'1 1.5"E Bingol, Karliova

39°24'48.6"N 40°31'59.0"E Bing6l, Yedisu

38°33'39.4"N 40°20'12.0"E Bingol, Servi

39°24"26.2"N 40°53'25.2"E Bingol
38°52'02.5"N 40°19'27.3"E Bingol
38°54'23.3"N 40°28'12.3"E Bingol

38°47'33.5"N 41°02'57.7"E Bingol, Solhan

TABLE 2

The base sequences of the used primers

Primers Base sequences (5’ - 3”)

ITSS (F) 5> GAA AGT AAA AGT CGT AACAAGG 3
ITS4 (R) 5> TCC TCC GCT TAT TGA TAT GC 3’
trn e (F) 5> GGT TCA AGT CCCTCT ATC CC 3’
trn f (R) 5" ATT TGA ACT GGT GAC ACG AG ¥’
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Detailed localities of
specimens' populations
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TABLE 3
Molecular diversity parameters among individuals
Molecular Diversity Parameters ITS region trnL3’-trnF Re- Co-evaluated ITS +
gion trnL3’-trnF Region
Total Sample Count 31 31 31
Total Belt Length ~880 ~200 ~1080
GC Ratio (%) 45.1 43.2 442
Protected Regions (C) 818 188 978
Regions with Variation (V) 60 12 92
Parsimony Informative Regions 32 6 41
(P)
TABLE 4
Genbank accession numbers for the r-DNA ITS and trnL.3’-trnF regions of the studied samples
Individuals of the Medicago sativa Genbank Accesion Numbers
populations ITS regions trnL-trnF regions
M. sativa — Mesedal1 1 MZ031137 MZ043582
M. sativa — Mesedali 2 MZ031138 MZ043583
M. sativa — Mesedal 3 MZ031139 MZ043584
M. sativa — Mesedali 4 MZ031140 MZ043585
M. sativa — Taghgay 1 MZ031141 MZ043586
M. sativa — Tashcay 2 MZ031142 MZ043587
M. sativa — Mutluca 1 MZ031143 MZ043588
M. sativa — Mutluca 2 MZ031144 MZ043589
M. sativa — Mutluca 3 MZ031145 MZ043590
M. sativa — Cevirme 1 MZ031146 MZ043591
M. sativa — Cevirme 2 MZ031147 MZ043592
M. sativa — Cevirme 3 MZ031148 MZ043593
M. sativa — Selekan 1 MZ031149 MZ043594
M. sativa — Selekan 2 MZ031150 MZ043595
M. sativa — Senkdy 1 MZ031151 MZ043596
M. sativa — Senkdy 2 MZ031152 MZ043597
M. sativa — Senkdy 3 MZ031153 MZ043598
M. sativa — Servi 1 MZ031154 MZ043599
M. sativa — Servi 2 MZ031155 MZ043600
M. sativa — Servi 3 MZ031156 MZ043601
M. sativa — Ortakoy 1 MZ031157 MZ043602
M. sativa — Ortakdy 2 MZ031158 MZ043603
M. sativa — Ortakoy 3 MZ031159 MZ043604
M. sativa — Yelesen 1 MZ031160 MZ043605
M. sativa — Yelesen 2 MZ031161 MZ043606
M. sativa — Yelesen 3 MZ031162 MZ043607
M. sativa — Kadran 1 MZ031163 MZ043608
M. sativa — Kadran 2 MZ031164 MZ043609
M. sativa — Kale 1 MZ031165 MZ043610
M. sativa — Kale 2 MZ031166 MZ043611
M. sativa — Kale 3 MZ031167 MZ043612
In order to specify the phylogenetic relations the taxa were determined (Table 3). The sequence in-
among Medicago populations which were grown in formation obtained was recorded in the NCBI data-
different geographical regions Mega program was base and accession numbers were obtained (Table 4).

used and the molecular variability parameters among
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TABLE 5
Genetic distance matrix between studied populations
M. M. M. M. M. M. M. M. M. M. M.
sativa- sativa- sativa- sativa- sativa- sativa- sativa- sativa- sativa- sativa- sati
mesedal | mutluca | cevirme senkoy- ortakoy yelesen- | kadran- servi-1 kale-1 selekan- | va-
1-1 -1 -1 1 -1 1 1 1 tasl
1ca
y-1
M. sativa-mesedal-
1
M. sativa-mutluca-1 0,0116
M. sativa-cevirme-1 0,0105 0,0070
M. sativa -senkoy-1 0,0163 0,0116 0,0105
M. sativa -ortakoy- 0,0152 0,0176 0,0129 0,0128
1
M. sativa -yelesen-1 0,0175 0,0176 0,0176 0,0152 0,0058
M. sativa -kadran-1 0,0152 0,0152 0,0153 0,0128 0,0046 0,0012
M. sativa -servi-1 0,0175 0,0164 0,0164 0,0117 0,0081 0,0104 0,0081
M. sativa -Kkale-1 0,0152 0,0164 0,0177 0,0614 0,0117 0,0081 0,0070 0,0163
M. sativa -selekan-1 0,0128 0,0069 0,0081 0,0069 0,0140 0,0140 0,0117 0,0140 0,0164
M. sativa -tashcay-1 0,0023 0,0093 0,0117 0,0139 0,0152 0,0152 0,0128 0,0140 0,0152 0,0104
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RESULTS

This study aimed to determine the genetic ori-
gins of some populations of Medicago sativa species
grown in Bing61 using molecular systematic research
and their molecular data. The populations of the spe-
cies in question were collected from 11 different cul-
tivated regions within the Bing6l province, and a to-
tal of 31 individuals were included in the analyses.
Within the scope of the experiments, DNA isolation
from 31 individual leaf tissues was carried out using
the CTAB method. Then, the nuclear DNA ITS re-
gion and the trnL3’-trnF region, which is not en-
coded in the chloroplast DNA, were replicated in
PCR using specific primers. The base sequence of
the regions was analyzed, their genetic characteris-
tics were compared, and the proximity and distance
of the taxa were evaluated. The present study is im-
portant since it is the first molecular-based system-
atic study in which various populations of Medicago
sativa species cultivated in Bing6l province were in-
cluded.

A review conducted in NCBI for the Medicago
genus showed that the length of the ITS region is ap-
proximately 700-850 bp, and that of the trnL.3’-trnF
region is approximately 150-200 bp. The data ob-
tained in the present study were similar to those re-
ported in the literature. The data were analyzed using
the X version of the MEGA genetics analysis soft-
ware and the method that would yield the best result
was chosen from the “Find Best DNA Models” step
of the program. It was concluded that the maximum
likelihood (ML) method would yield the most accu-
rate result of the tree drawn using the Tamura-Nei
model. Accordingly, two different DNA regions
were co-evaluated and a complex tree was obtained
for a more accurate result.

As a result of the calculations made using the
ML method, a total of 1080 base pairs were taken
into account; there were 92 variable sites (V), 978
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protected sites (C), 41 parsimony informative sites
(PI), and the (GC) rate was 44.2%. These results
were shown in Table 3.

The individuals were grouped (n=11) to repre-
sent each population, and the genetic distance be-
tween the groups was calculated using the Tamura-
Nei base change model of the MEGA (Table 5). On
examining the distance values between groups, the
lowest distance value (0.0012) was between Yelesen
and Kadran populations, which indicated that the
closest populations were in these two regions. The
highest distance was between Kale and Cevirme lo-
calities (0.0177), so these two groups were genet-
ically the most distant populations.

The populations used in the present study were
not those the plant formed itself but were obtained
from local clovers cultivated in the plains of Bingol.
While some of the samples were formed as a result
of growing ancestral seeds, others were obtained by
planting purchased certified seeds.

According to the phylogenetic tree obtained
from the nuclear DNA ITS and chloroplast DNA
trnL3’-trnF region sequence results, there was a
great similarity between all individuals studied (Fig-
ure 1). There were no significant differences be-
tween the ancestral seeds and the products obtained
by certified seeds in terms of these two regions. The
sites with variations between populations were not
sufficient enough to distinguish individuals from
each other, that is, for the speciation mechanism.
Gene flow between populations was observed to
continue. According to the tree, Yelesen and Kadran
constituted the two groups that are genetically clos-
est to each other. Kale population constituted the
main origin for the other populations studied, and it
was seen that other populations were derived from
this group. The bootstrap values exceeding 90% in
many branches indicated that the tree branches were
reliable, and the intertwined appearance of the
branches indicated that there were no obstacles in
terms of reproduction among the populations.
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FIGURE 1
Maximum Likelihood tree showing the phylogenetic relationship between individuals

DISCUSSION

The present study aimed to determine the gen-
otypical similarities and differences of some local
clover populations cultivated in Bing6l using molec-
ular methods. Based on the data obtained, the study
examined whether individuals belonging to Medi-
cago populations completed their speciation,
whether they provided gene flow through hybridiza-
tion, whether there were genetic variations between
different populations and the genetic similarities or
differences between the populations.

Clover is the most widely grown forage crop in
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the world [4]. It has a long life span; therefore, it nor-
mally yields economic products for 7-10 years if it
lives for many years in places where it is well
adapted. It can be harvested several times in one sea-
son. Due to its great adaptability, binding nitrogen to
the soil and the high amount of protein it removes
from the unit area, it is regarded particularly im-
portant compared to other forage plants and named
“the queen of forage plants” [12].

There are numerous studies on clover. Bena et
al. conducted a phylogenetic study based on rDNA
ITS and ETS sequences and used 31 clover species.
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According to the results of the researchers, signifi-
cant discrepancies were determined between the
morphological classification of the genus and their
phylogenetic analysis. Steele et al. [14] examined the
phylogenetic relationships of Medicago 70-73 spe-
cies and its sister genus Trigonella. They used the
nucleotide sequences of the plastid trnK/matK re-
gion and the non-nucleotide coding GA3ox1 (gib-
berellin 3- B -hydroxylase) gene and analyzed the re-
lationships using the Maximum Parsimony and
Bayesian methods. The researchers divided the
Medicago genus into 8 sections and found that the
species with 2n = 16 and 2n = 14 chromosomes were
not classified appropriately. El-Sherif and Ibrahim
[15] conducted a phylogenetic analysis of nine dif-
ferent Medicago populations in Egypt, Australia and
the USA using the rbcL and rpoC1 marker genes.
They reported that the varieties in Egypt were phy-
logenetically more related to American varieties in
terms of genetic relationship between the studied M.
sativa varieties. In addition, DNA barcoding was
suitable and very important for M. sativa characteri-
zation at the species and culture level.

Quality and efficiency studies on clover for this
region also emphasize the importance of Medicago
species. Karakoy et al. [16] have reported that Delta
and Azzura varieties can be grown successfully in
Turkey’s continental climate zone and used in clover
breeding programs for the development of high-
quality clover varieties with high winter resistance,
yield, and quality. Sezmis and Giirsoy [17] deter-
mined the chemical composition, relative feed value
(RFV), net energy lactation (NEL) and metabolic en-
ergy (ME) contents of clover in Erzincan. Their re-
sults showed that according to the conditions of Er-
zincan and taking into account the nutritional con-
tents such as Total Digestible Nutrients (TDN), Ni-
trogen-free extract (NFE), and Neutral Detergent Fi-
ber (NDF), clover used as a feed source in ruminant
animals can be recommended as a source of hemi-
cellulose for the first harvest. Oten et al. [18] exam-
ined the feed yield and quality parameters of clover
genotypes. They determined total dry feed yield,
crude protein ratio and relative feed value in clover
for all genotypes. They found that seven genotypes
were statistically significant in terms of total dry
matter yield, and they were significantly different in
terms of crude protein contents. In another study,
Oten et al. [19] investigated the feed yield and qual-
ity of new clover genotypes in Antalya and deter-
mined and selected eight clover genotypes for the
clover breeding program due to their superior yield
and quality properties. Budak et al. [20] have re-
ported that growing high-yielding and high-quality
clover varieties and increasing the cultivation and
production are very important for every country.
Sancar et al. [21] conducted a phylogenetic system-
atic study using some clover populations grown in
Bingdl and obtained similar results in the present
study.
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Most of the studies in the literature discuss pol-
ymorphism of Medicago sativa species. The present
study was carried out to determine the phylogenetic
systematics of the Medicago genus, on which there
are few studies, both across Turkey and Bing6l. The
results of this study showed that DNA-based phylo-
genetic analyses were suitable and very important
for Medicago sativa characterization at the species
and culture level, providing an important tool for fu-
ture analysis of important forage crops. It can also be
argued that the breeding lines obtained from Medi-
cago sativa varieties may provide a better under-
standing of its growing conditions in a cultural envi-
ronment.

Similarly, certain gene regions can be used as
important genetic resources for the genetic develop-
ment of Medicago sativa in future breeding pro-
grams. In the present study, the Medicago taxa did
not differ significantly in terms of parameters of ge-
netic diversity. The present study yielded important
results in this context.

In conclusion, although the local clover geno-
types grown in the Bing6l plain morphologically var-
ied, the rate of this variation was not adequate
enough for the formation of a new species. It was
thought that there were changes observed as a result
of adaptation to the environment in which they grow.
The products obtained by ancestral seeds and pur-
chased certified seeds are genetically identical and
do not differ.
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