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Abstract
Liquidambar orientalis, a relict endemic species, is distributed in the south-west of Turkey. It is accepted
that the species in the Altıngiace family has two varieties, L. orientalis Mill. var. integriloba Fiori and L.
orientalis Mill. var. orientalis. The natural spread areas of the species have been decreasing since the
early 1900s. This poses a great threat to the future and genetic diversity of the species. For this reason, it
is very important to determine the genetic diversity of this species and to initiate conservation programs.
In this study, the genetic diversity of a total of 190 individuals in ten populations was examined with ten
polymorphic ISSR primers. Data analysis was performed using POPGENE ver. 1.32 and GenAlEx 6.503
softwares, and the phylogenetic relationship between populations was revealed using TreeView X
software. According to the results of the analysis, a total of 271 loci were identified. For the ten
populations, the rate of polymorphic loci ranged from 21.03–34.69%. The mean number of observed
alleles (Na) and mean number of effective alleles (Ne) were found as 1.98 ± 0.13 and 1.47 ± 0.37,
respectively. Nei's genetic diversity values ​​(h) ranged from 0.07 ± 0.15 to 0.12 ± 0.18. According to the
results of Molecular Analysis of Variance (AMOVA) and POPGENE ver. 1.32 analysis, it was determined
that the main contribution to the genetic variance originated from among the populations. In addition, the
gene flow level (NM) was found to be low with a value of 0.27 per generation.

Introduction
The diversity and life forms of living things on earth are defined as "biodiversity". Biological diversity
consists of four main titles as species diversity, genetic diversity, ecosystem diversity and diversity of
ecological functions. (Işık 1998). Turkey is one of the countries with the richest biodiversity in Europe and
the Middle East. Geographically, it is located at the intersection of two important gene centers such as the
Mediterranean and the Near East, in an area covering the Mediterranean, Iran-Turan, Europe-Siberian
phytogeographical regions. Turkey’s geographic and ecological diversity is very different from its
neighboring countries. There are plant and animal species, most of which are endemic, living in this
ecosystem diversity, different races of these species, different gene pools and different evolutionary units.
The combination of these units creates a very rich biological diversity, thus making the country one of the
most important gene centers of the world. All this diversity makes the country have a biodiversity that
characterizes the continent. This situation caused the country to be called "Asia Minor" by some authors
(Demirayak 2002). Approximately the number of subgenus plant taxa known from Turkey has reached
11.707 and 3.649 of these species are endemic to Turkey (Güner et al. 2012).

Species belonging to the genus Liquidambar classified in the Altingiaceae family are called sweetgum
trees. Liquidambar means fragrant liquid, formed by the combination of Latin word liquidus (liquid) and
Arabic word amber (fragrant) (Arslan et al. 2016). Liquidambar genus is represented by four different
species located on approximately the same latitudes on Earth. These species are distributed in three
continents in the Northern Hemisphere, America, South East Europe and Asia. These species belonging to
the genus Liquidambar are: "L. acalycina", which is distributed in Central and Southern China; "L.
formosana", which is distributed in South China, North Korea, South Korea, Taiwan, Laos and North
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Vietnam; "L. styraciflua", which is distributed in Southeast-Central America and Mexico, and "L. orientalis",
which is distributed in South Western Turkey (Ickert-Bond et al. 2005).

The genus Liquidambar is also thought to have existed for about 65 million years. Because of this
situation, species in the Liquidambar genus are called relict species. L. orientalis, also known as
Anatolian Sweetgum Tree, is a relict and endemic species for Turkey. (Acatay 1963; Akman et al. 1992;
Atay 1985; Efe 1987; Günal 1994; İstek and Hafızoğlu 1998; Alan and Kaya 2003; Velioğlu et al. 2008).
According to Davis (1972), there are two varieties of L. orientalis. These are L. orientalis Mill. var.
orientalis and L. orientalis Mill. var. integriloba Fiori.

Relict and endemic L. orientalis species is spreaded in South Western Turkey. Although it generally
spreads in Köyceğiz, Marmaris, Fethiye, Ula and Dalaman districts within Muğla province, there are
sweetgum trees in certain regions in Aydın, Denizli, Antalya, Burdur, Isparta (Acatay 1963; Atay 1985; Efe
1987; Günal 1994; İstek and Hafızoğlu 1998; Alan and Kaya 2003; Velioğlu et al. 2008; Aydıngöz and
Bulut 2014).

L. orientalis are found in humid environments such as streams and small streambeds as a habitat. It
spreads in regions with high climatic rainfall, sandy wetlands and acidic soils. One of the biggest factors
in its development is the availability of water. For this reason, sweetgum forests may spread along the
area where water spreads on flat lands, while in rough lands where there is a land slope, it can only
spread along the line where the water is located. It spreads in the regions where Mediterranean Climate is
dominant in Southwestern Turkey. In this case, it can be said that temperature is an important factor for
the spread areas. In addition, it has been stated in different studies that the spread area can vary from
sea level to 1000 meters altitude (Acatay 1963; Atay 1985; Efe 1987; Günal 1994; Istek and Hafızoğlu
1998; Alan and Kaya 2003; Velioğlu et al. 2008).

The sweetgum tree is a type of plant that is about 20–25 meters tall, has a thick branch structure, has
leaves connected to the branches with thin long stems and has a wide top. Sweetgum tree is very similar
to the plane tree. It is a deciduous species. In addition, although the leaves generally appear with 5 lobes,
they can rarely be found as 3 or 7 lobes. These lobes can have blunt and pointed tips. In addition, the
lobes on the leaf are divided into several lobes again. Leaves have an aromatic scent. It is a long-lived
tree and can live for approximately 200–300 years. When the tree is young, it has a thin and long trunk
structure. A thicker trunk structure is observed in old trees. As the tree ages, its bark darkens and its trunk
thickens. There are balsam channels to repair the injuries that may occur under the trunk of the tree. The
liquid obtained from these channels is called sweetgum oil. In order to obtain this sweetgum oil, which
has medical and economic value, wounds are created on the tree trunk. For this reason, as the tree ages,
large and deep wounds occur on its trunk (Efe 1987; Günal 1994; 2006; Doğaç 2008).

The spreading areas of sweetgum trees have decreased significantly from past to present. The sweetgum
forests, which spread over an area of 7000 hectares in 1947, are thought to have a spread between 1500
and 2000 hectares today. Sweetgum oil is a product that has been produced and exported for years due
to its medicinal and economic value. Over the years, the production and export of sweetgum oil has
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decreased in proportion to the decrease in the spreading areas of sweetgum forests. When the past
records are examined, sweetgum oil, which was produced as 200 tons per year, can be produced in much
less amount today. The main reasons for this situation are the unconscious destruction of sweetgum
trees in order to generate economic income, the cutting of trees for agricultural and tourism purposes, and
forest fires (Ürker 2014; Arslan and Şahin 2016).

Decreasing areas of spread threaten the future of L. orientalis. For this reason, it is very important to
determine the genetic diversity of the species. The study aimed to determine the genetic diversity of L.
orientalis species by using ISSR primers. Allozyme (Hoey and Parks 1991; Öztürk 2008), chloroplast DNA
(cpDNA) (Or 2007; Özdilek 2007) and randomly amplified polymorphic DNA (RAPD) (Doğaç 2008;
Velioglu et al. 2008) studies were conducted to understand the genetic structure of the species. However,
there are no studies in the literature using simple sequence repeat (ISSR) markers. Therefore, the study is
the first attempt to determine the genetic diversity of South-West Anatolian L. orientalis populations by
using ISSR markers.

Materials And Methods

Plant Materials
Natural sweetgum forests spreading in Muğla province were determined as the study area. Firstly, general
spread areas and boundaries of the population where the field study will be conducted were determined
in natural forest. Then, transects were determined to divide the entire population area at equal intervals.
Transect refers to a linear straight line. Ten populations were sampled with reference to the transects
determined for each population. This sampling was carried out with approximately 50 to 100 meters
between each individual, depending on the population size. In order to obtain 20 individuals from each
population (excluding Kızılyaka 2 population), different numbers of transects were created according to
the geographical features of the populations (land slope, topography, etc.). Information on the
populations where the fieldwork was conducted and their population numbers are given in Table 1 and
Fig. 1.
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Table 1
Varieties and individual numbers of studied populations

Population
numbers

Populations Variety information Number of
individuals

1 Marmaris – Cetibeli L. orientalis Mill. var.integriloba
Fiori

20

2 Marmaris –
Degirmenyanı

L. orientalis Mill. var.integriloba
Fiori

20

3 Fethiye – Gunluklu L. orientalis Mill. var.orientalis 20

4 Fethiye – Inlice L. orientalis Mill. var.orientalis 20

5 Ula – Kızılyaka 1 L. orientalis Mill. var.integriloba
Fiori

20

6 Ula – Kızılyaka 2 L. orientalis Mill. var.integriloba
Fiori

10

7 Milas – Selimiye L. orientalis Mill. var.orientalis 20

8 Marmaris – National
Park

L. orientalis Mill. var.integriloba
Fiori

20

9 Koycegiz – Toparlar L. orientalis Mill. var.integriloba
Fiori

20

10 Koycegiz - Zeytinalanı L. orientalis Mill. var.integriloba
Fiori

20

Genomic DNA Extraction
Twenty individuals from nine populations (Marmaris Cetibeli, Marmaris Degirmenyanı, Fethiye Gunluklu,
Fethiye Inlice, Ula Kızılyaka 1, Milas Selimiye, Marmaris National Park, Koycegiz Toparlar, Koycegiz
Zeytinalanı) and ten individuals from a population (Ula Kızılyaka 2) were used for DNA extraction and
amplification. Sweetgum leaves taken from individuals constituting the population were crushed using
approximately 5 ml of liquid nitrogen in order to obtain total DNA. Sweetgum leaves, pulverized by the
crushing process, were weighed and used at approximately 0.03 grams to initiate DNA extraction. Then
the optimized Soltis Lab DNA CTAB extraction protocol was performed (Doyle and Doyle 1987; Cullings
1992). DNAs for which purity and quantity were determined were stored at -20°C for PCR.

Polymerase Chain Reaction Amplification
PCR was performed in a total volume of 25 µl. The reaction content was generated with 12.3 µl of dH2O,
10.5 µl of Thermo Scientific DreamTaq PCR Master Mix (2X), 1 µl of primer, 0.2 µl of Tween®20 and 1 µl
of DNA. PCR cycling conditions were performed at 95°C for 15 seconds, 55°C for 30 seconds, and 68°C
for 3 minutes for 35 cycles. In addition, a pre-denaturation at 95°C for 3 minutes and a final elongation at
72°C for 10 minutes were performed. Ten ISSR primers were used for amplification: (ACC)6CC,
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CCA(TG)7T, GCA(AC)7, GGG(AC)7, (GA)8GG, (AG)8TA, (GT)8C, (AC)8T, (GGGTG)3 and (GA)8TC. PCR
products were run for 3 hours on a 1% agarose gel prepared with 1X TBE and EtBr.

Analysis of data
Gel images obtained as a result of scanning a total of one hundred and ninety individuals from ten
different populations with ten primers were scored according to the band profiles created by the Thermo
Scientific™ GeneRuler 1 kb DNA Ladder used during electrophoresis. According to the band profile created
by the DNA ladder used, the lengths of the band profiles formed by all individuals were determined and
scored as 1 if there is band formation in the specified length, and 0 if there is no band formation. After 1 
− 0 scoring was processed on Microsoft Excel, the data were analyzed using POPGENE ver. 1.32 (Yeh et
al. 1999) and GenAlEx 6.503 computer software (Peakall and Smouse 2012). As a result of the analysis;
allele number (Nei 1987), effective allele number (Kimura and Crow 1978), polymorphic locus rate and
genetic distance (Nei 1987) are also revealed using appropriate formulas. Phylogenetic relationships for
populations were created using TreeView X software (Page 2003).

Results
Genetic characterization of one hundred and ninety individuals from ten different populations of Muğla
province was created using ten different ISSR primers. 271 loci were identified through the ten primers
used. Information on the primers used and the number of loci detected with these primers are given in
Table 2. According to Table 2, it was determined that primer number 3 formed the most band formation
and primer 5 numbered the least band formation. It was determined that ten primers used produced an
average of 27 bands. In addition, it was determined that an average of 26 of these bands were
polymorphic. Five of the identified loci are monomorphic loci, and two hundred and sixty-six are
polymorphic loci. The rate of polymorphism in all loci was found to be 98.15%. Primers used formed at
least 88.88% polymorphic band. The length of the bands formed varied between 150 and 3000 bp.
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Table 2
Information on primers sequence, number of total bands, percent of polymorphic bands and fragment

size used for the analysis of the genetic variation of Liquidambar orientalis populations
Primer
Numbers

ISSR-Primer
Sequence
(5’_3’)

Number

of total
bands

Number of
polymorphic
bands

Number of
monomorphic
bands

Percent of

polymorphic
bands

Range of
fragment
sizes
(bp)

1 (ACC)6CC 26 26 0 100 250–
1550

2 CCA(TG)7T 32 32 0 100 450–
2800

3 GCA(AC)7 38 38 0 100 250–
3000

4 GGG(AC)7 34 34 0 100 250–
2500

5 (GA)8GG 17 17 0 100 350–
1500

6 (AG)8TA 30 30 0 100 300–
3000

7 (GT)8C 25 25 0 100 300–
2400

8 (AC)8T 26 25 1 96.15 250–
2600

9 (GGGTG)3 27 24 3 88.88 300–
2500

10 (GA)8TC 16 15 1 93,75 250–
3000

  Total 271 266 5 - -

  Mean 27.1 26,6 0,5 100 295–
2485

As a result of molecular variance analysis, data on the number of bands formed by the populations were
obtained. Data on the number of bands obtained are given in Table 3. Accordingly, it has been determined
that the population with the most bands is the Marmaris National Park location, which creates 151
bands. The location with the least bands is Ula Kızılyaka 1 location, which creates 112 bands. The
location with the highest number of polymorphic bands in the bands obtained by using ten primers is
Fethiye Gunluklu location. The location that creates the least polymorphic band is Ula Kızılyaka 2
location. According to the Nei’s genetic diversity values obtained as a result of POPGENE ver. 1.32
analysis, the percentage polymorphism rate of the populations varied between 23.25–34.69%.
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Table 3
Number of observed, polymorphic and private bands and percentage of polymorphic loci of all

populations
Population Sample

Size
Number of
bands

Number of
polymorphic bands

Number of
private bands

%
Polymorphism

Marmaris
Cetibeli

20 130 70 8 25.83

Marmaris
Degirmenyanı

20 145 83 6 30.63

Fethiye
Gunluklu

20 129 94 1 34.69

Fethiye Inlice 20 129 87 5 32.10

Ula Kızılyaka 1 20 112 86 6 31.73

Ula Kızılyaka 2 10 130 57 5 21.03

Milas Selimiye 20 118 75 4 27.68

Marmaris
National Park

20 151 82 10 30.26

Koycegiz
Toparlar

20 133 63 4 23.25

Koycegiz
Zeytinalanı

20 123 74 7 27.31

Mean 19 130 77.1 5.6 28.45

Genetic variation statistics obtained for all population loci using POPGENE ver. 1.32 software are given in
Table 4. As a result of analysis, the average number of observed alleles (Na), the average number of
effective alleles (Ne), Nei’s gene diversity (h) and Shannon’s information index (I) values were estimated.
According to the analysis, Fethiye Gunluklu, Ula Kızılyaka 1 and Fethiye Inlice populations generally have
the highest genetic diversity values.
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Table 4
Genetic diversity parameters between populations. Na: the mean number of

observed alleles; Ne: the mean number of effective alleles; h: Nei’s gene diversity; I:
Shannon’s information index

Populations Na Ne h I

Marmaris-Cetibeli 1,25 ± 0,43 1,13 ± 0,28 0,07 ± 0,15 0,12 ± 0,22

Marmaris-Degirmenyanı 1,30 ± 0,46 1,17 ± 0,32 0,10 ± 0,17 0,15 ± 0,25

Fethiye-Gunluklu 1,34 ± 0,47 1,21 ± 0,34 0,12 ± 0,18 0,18 ± 0,27

Fethiye-Inlice 1,32 ± 0,46 1,19 ± 0,33 0,11 ± 0,18 0,16 ± 0,26

Ula-Kızılyaka 1 1,31 ± 0,46 1,19 ± 0,34 0,11 ± 0,18 0,16 ± 0,26

Ula-Kızılyaka 2 1,21 ± 0,40 1,15 ± 0,32 0,08 ± 0,17 0,12 ± 0,24

Milas-Selimiye 1,27 ± 0,44 1,16 ± 0,31 0,09 ± 0,17 0,14 ± 0,24

Marmaris-National Park 1,30 ± 0,46 1,16 ± 0,29 0,10 ± 0,16 1,15 ± 0,24

Koycegiz-Toparlar 1,23 ± 0,42 1,12 ± 0,26 0,07 ± 0,15 0,10 ± 0,22

Koycegiz-Zeytinalanı 1,27 ± 0,44 1,16 ± 0,31 0,09 ± 0,17 0,14 ± 0,24

Information on genetic diversity for all populations is given in Table 5. Accordingly, the total genetic
diversity (HT) in all populations was found to be 0.27 ± 0.03. A low portion of this diversity, 0.09 ± 0.007,
was owing to within population genetic variation (HS). Genetic diversity among populations (DST), was
found as 0.18 from HT and HS values. According to these values, approximately 33% of the genetic
diversity consists of within population genetic variation, while approximately 67% is due to among
population genetic variation. According to the Analysis of Molecular Variance (AMOVA) obtained from
GenAlEx 6.503 software results, the major contribution to genetic variance (71%) was due to variation
among populations. Genetic differentiation level (GST) was calculated as 0.64 and gene flow value (NM)
was calculated as 0.27 with the POPGENE ver. 1.32 software.

Table 5
Genetic diversity, genetic differentiation and gene flow values for all populations

  HT HS DST GST NM

Average of All Populations 0,27 ± 0,03 0,09 ± 0,007 0,18 0,64 0,27

Genetic distance value (DN) of populations was calculated using POPGENE ver. 1.32 software. The
genetic distance of each population from other populations is given in Fig. 2. Accordingly, the two
genetically closest populations were determined as Ula Kızılyaka 1 and Ula Kızılyaka 2 populations with
genetic distance value (DN): 0.1615. The two populations with the most genetic distance from each other
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were observed as Marmaris Degirmenyani and Ula Kızılyaka 2 populations with genetic distance value
(DN): 0.3348.

UPGMA (The Unweighted Pair Group Method with Arithmetic Mean) dendrogram studied populations
were constructed according to Nei’s (1972) standard genetic distances and the dendrogram was given in
Fig. 3. As shown in Fig. 3, the tree structure is divided into three groups. The first of these groups
consisted of the Marmaris Cetibeli, Ula Kızılyaka 1, Ula Kızılyaka 2, Milas Selimiye and Koycegiz
Zeytinalanı populations, the second from the Marmaris Degirmenyanı, Fethiye Inlice, and Fethiye
Gunluklu populations, and the third from the populations of Marmaris National Park and Koycegiz
Toparlar. Principal coordinate analysis (PCoA) is represented in Fig. 4. All studied populations were
separated on PCoA regardless of the UPGMA dendrogram.

Discussion
L. orientalis, which is a relict endemic species in our country, is one of the most important and remarkable
species of Turkey in terms of biodiversity. Determining the genetic diversity of populations is very
important to protect species biodiversity. As a result of the literature search, it was determined that
several different methods were used to determine the genetic diversity of L. orientalis populations. On the
other hand, there are no studies in the literature using ISSR markers, which also constitute the originality
of this study.

When the molecular studies made with sweetgum are examined in the literature, there are some studies
using isoenzymes that are biochemical markers. In addition, with the introduction of molecular markers,
the use of biochemical markers has become less preferred. The reason for this is that molecular markers
are more successful in detecting polymorphism than biochemical markers.

In the study carried out by Öztürk (2008), genetic diversity was investigated over 320 individuals in 14
sweetgum populations with 8 isoenzyme systems. For all populations, the average number of observed
alleles (Na) was 1.84 and the average number of effective alleles (Ne) was 1.58. Although the average
number of alleles from these values is lower than the value in this study, the average effective allele
number is higher. The reason for this is that the lethal alleles are less in the study conducted by Öztürk
(2008).

In Doğaç (2008) study, 320 individuals from 14 L. orientalis populations and 30 RAPD primers were used.
As a result of the study, a total of 453 loci were identified and 6 of these loci were found to be
monomorphic for all populations. According these data, it was determined that the average number of
polymorphic loci detected for each primer was higher in ISSR primers (while an approximately of 15
polymorphic loci per primer was determined in RAPD primers, an approximately of 27 polymorphic loci
per primer was detected with ISSR primers).

The eight populations used in this study and Doğaç's (2008) study are the same. These are Milas
Selimiye, Köyceğiz Zeytinalanı, Köyceğiz Toparlar, Ula Kızılyaka, Marmaris Çetibeli, Marmaris
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Değirmenyanı, Fethiye Gunluklu and Fethiye Inlice populations. The observed average allele number,
average effective allele number, genetic diversity in the population, polymorphic loci number and percent
polymorphism values for these locations were found to be lower than the study of Doğaç (2008). The
main reason for these values being higher than our study is thought to be the higher number of
individuals and primers used in the study with RAPD. Although the sampling sites in both studies are the
same, the sampling in this study was carried out approximately 15 years after the sampling conducted by
Doğaç (2008). The loss of genetic diversity in populations during this period may also be another reason
for the lower values found.

Velioglu et al. (2008) investigated the genetic diversity of L. orientalis populations using 10 RAPD primers
and 25 individuals from each population in 18 populations. It was determined that all genetic diversity
values ​​obtained as a result of the study were lower than our study.

Since both ISSR and RAPD primers are dominant markers, it is very important to determine the choice of
which primer to use in determining the polymorphism. When the genetic diversity values obtained in this
study were compared with the values obtained by both Doğaç (2008) and Velioğlu et al. (2008), it was
thought that ISSR primers were more successful in detecting polymorphism within the same population.
It is thought that scanning an equal number of samples collected from the same individual at the same
locations with the same number of ISSR and RAPD primers will provide more accurate data to support
this idea or to prove the opposite.

When the Nei’s genetic diversity values were examined in the results of the analysis, total genetic diversity
values (HT) = 0.27 ± 0.03 in based of 271 loci for all populations. It was found that 33% of the total
genetic diversity in 271 loci was due to within population genetic diversity values (HS) = 0.09 ± 0.007, and
67% of genetic diversity was found to be due to among population genetic diversity with DST = 0.18
values. As a result of the molecular analysis of variance (AMOVA), it was observed that 29% of the
genetic diversity was due to within population genetic diversity and 71% to among population genetic
diversity. Therefore, according to the results obtained from both POPGENE ver. 1.32 and GenAlEx 6.503
software, it has been clearly revealed that the main source of genetic diversity is among the populations.

G ST is one of the values that reveal genetic differentiation. GST is observed in values ranging from 0 to 1
and expresses the level of genetic differentiation. If the GST value is 0.05 or less, genetic differentiation
within the population is negligible. If it is above 0.25, the level of genetic differentiation is high. In this
study, the GST value was found to be 0.63. That is, the genetic differentiation among the studied
populations is quite high. In addition, NM, ie gene flow value, was calculated. It has been reported by
Hamrick et al (1992) that the species with a gene flow (NM) value of 0.265 are self-pollinating and can
spread their seeds and pollen to short distances such as 2–3 meters. The gene flow (NM) value of 4,750
has been reported to be the values used for species that pollinating from long distances with various
seed and pollen carriers and can also spread their seeds and pollen to long distances. In addition, it has
been reported that the gene flow level (NM) of 0.50 is the critical value and the values above this value are
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the amounts that prevent genetic drift. If the NM value is less than 1, it is considered that there is
differentiation among populations (Wright 1951). In our study, the gene flow level (NM) was found to be
0.29. The fact that this value is above 0.265 indicates that the population members pollinating with the
trees that are close neighbors in the distribution area, while the value below 4.750 indicates that the
pollinating caused by long distances is not too much or not at all. The fact that the genetic diversity (HS)
value within the population is already as low as 0.09 reveals that there is a limited gene flow (NM: 0.29).
The results of the GST and NM values found and the AMOVA analysis are an indication that the studied
populations may be subject to genetic drift and that individuals in the studied populations pollinating
within the population and form the next generation.

The genus Liquidambar is represented by four different species on Earth. There are some studies in the
literature to determine genetic diversity by using ISSR markers in L. formasana, one of these species. Bi et
al. (2010) found the GST value of the L. formasana populations to be 0.185 and the NM value to be 2.194.
In addition, as a result of molecular variance analysis, it was determined that the genetic variation
originates from among populations with a rate of 14.51% and within the population at a rate of 85.49%.
Rongxi et al. (2016), according to the results of AMOVA, genetic variation in L. formasana populations
originates from within the population with a rate of 94.02% and among populations with a rate of 5.98%.
Rongxi et al. (2016) and Bi et al. (2010) revealed that genetic diversity is mostly caused by the population,
with AMOVA, GST and NM values. These values ​​were reported by Rongxi et al. (2016) and Bi et al. (2010)
show that the populations studied do not have a risk of genetic drift, unlike the L. orientalis species we
studied. Rongxi et al. (2016) and Bi et al. (2010), the most important reason for the higher genetic
diversity values ​​and the absence of genetic drift risk for the species is that the L. formasana species has
populations that spread over very large and undivided areas. For this reason, it is very important to
protect the L. orientalis populations whose spread areas are decreasing day by day.

L. orientalis species is considered by some researchers to have two varieties, L. orientalis Mill. var.
orientalis and L. orientalis Mill. var. integriloba Fiori, in terms of morphological character. It can be said
that L. orientalis Mill. var. orientalis and L. orientalis Mill. var. integriloba Fiori varieties do not differ from
each other within the determined 271 loci. Because when the genetic distance values given in Fig. 2 are
examined, the second location pair with the least genetic distance from each other is Fethiye İnlice (L.
orientalis Mill. var. orientalis) and Ula Kızılyaka 1 (L. orientalis Mill. var. integriloba Fiori) populations. In
other words, L. orientalis species, which is morphologically divided into two varieties, could not be
genetically separated into two different varieties after this study.

When Nei's genetic distance values ​​were examined, the two populations with the least genetic distance to
each other were found with a value of 0.161, Kızılyaka 1 and Kızılyaka 2. Kızılyaka 1 and Kızılyaka 2
populations were separated from each other due to the tree cuttings and roads made by humans. For this
reason, it is an expected result that the genetic distance between them is the least compared to other
populations. Among the studied populations, the locations with the furthest distance are the Selimiye
population in Milas district and the İnlice and Gunluklu populations in Fethiye district. Therefore, it was
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expected that the genetic distance from each other would be the highest between these populations in the
analysis results. However, in the analysis results, the populations with the highest genetic distance from
each other were determined as Marmaris Değirmenyanı and Kızılyaka 2 populations with a value of
0.334. As seen in Fig. 1, although they are located in neighboring districts, these two populations are quite
far from each other. In addition, the reason for the highest genetic distance value may be the
geographical isolation between the two populations created by the mountains and the sea.

The UPGMA method divided the populations into three groups. The first of these groups consisted of the
Marmaris Cetibeli, Ula Kızılyaka 1, Ula Kızılyaka 2, Milas Selimiye and Koycegiz Zeytinalanı populations,
the second from the Fethiye Gunluklu, Fethiye Inlice and Marmaris Degirmenyanı populations, and the
third from the populations of Marmaris National Park and Koycegiz Toparlar. When the geographical
locations and distances of the populations given in Fig. 1 are examined, it is clear that the closest
locations to each other are the Kızılyaka 1 - Kızılyaka 2 population pairs and the Fethiye Inlice - Fethiye
Gunluklu population pairs. Therefore, these two population pairs were expected to be in the same tree
branches in the UPGMA dendrogram. The obtained UPGMA dendrogram is given in Fig. 3 and supports
the expected result.

Species must be protected in order to preserve genetic diversity and transfer it to the next generations. As
a result of this study, the three populations with the highest parameters (average number of alleles,
number of effective alleles, Nei’s genetic diversity, Shannon's constant, number of polymorphic loci and
polymorphic loci) revealing genetic diversity were determined as Fethiye Gunluklu, Fethiye İnlice and
Kızılyaka 1. In the studies conducted by Doğaç (2008) and Özdilek (2007), it was determined that the
Gunluklu and Kızılyaka populations were among the populations with the highest genetic diversity
values. In this context, it is suggested that priority should be given to these three populations in a
conservation program to be initiated for L. orientalis species.
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Figures

Figure 1

Location information on studied populations
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Figure 2

Estimates of Nei’s genetic distance (DN) coefficients among the L. orientalis populations

Figure 3

UPGMA dendrogram based on Nei's (1972) genetic distance among L. orientalis populations

Figure 4
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PCoA graph of L. orientalis populations


