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Abstract

Laurel (Laurus nobilis L.) has been used in the Mediterranean basin since ancient ages. Nowadays, Turkey, Mexico, Por-
tugal, Italy, Spain, France, Algeria, and Morocco use aromatic leaves for commercial purposes, and Turkey is the largest
exporter in the world. In this study, molecular characterization, and genetic relationships of 94 Turkish laurel genotypes
were determined by ISSR and SCoT markers. The experiment was conducted with 16 ISSR and 10 SCoT markers. While
348 of 373 bands were polymorphic with a 93.3% polymorphism rate, Nei’s genetic distances ranged between 0.17 and 0.70
with 0.39 mean in ISSR. In SCoT, 175 of 227 bands were polymorphic with 77.1% polymorphism rate, and Nei’s genetic
distances varied between 0.12 and 0.51. Sufficient genetic diversity determined with diversity parameters consisting of the
average Shannon’s information index (ISSR: 0.46, SCoT:0.35), the overall gene diversity (ISSR:0.19, SCoT:0.18), and the
effective number of alleles (ISSR:1.52, SCoT:1.38). AMOVA (Analysis of molecular variance) revealed most of the vari-
ation was within genotypes (96%). Neighbor-joining algorithms, principal coordinate analysis (PCoA), and model-based
structure resulted in harmony and clustered according to the geographical regions and provinces they collected. Genotypes
were divided into two groups in ISSR and SCoT with UPGMA clustering resulting in a similar polymorphism distribution.
The correlation coefficient (r) determined by marker systems’ Nei’s genetic distances was 0.25. The results of the study put
forward resources for advanced breeding techniques, contribute to the preservation of genetic diversity, and management
of genetic resources for the breeders.
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Introduction

Medicinal plants are mainly used in medicines to prevent
diseases, maintain healthiness, or heal illnesses, body care,
nutrition, cosmetics, incense, and religious ceremonies,
while aromatic plants are used to maintain a pleasant smell
and taste [1]. The importance of these plants is increasing
day by day with people’s tendency towards nature and natu-
ral sources in the nutrition, health, and cosmetic sectors [2].
The necessity and significance of medicinal and aromatic
plants usage in routine life will never decline, and it will
maintain its popularity among the scientific community
[1]. Medicinal plants have become increasingly recognized
especially in the last decade, particularly in the role of rural
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people’s economies, scope in medicinal practices, use in cul-
tural matters, and ultimately their contribution to the well-
being of people [1, 3].

Laurel is not widely recognized compared to other medic-
inal plants worldwide despite having a high economic value
and popularity in Turkey. Currently, it has many synonyms
as ‘laurel’, ‘sweet bay’, ‘bay leaf’, and ‘bay-tree’. The laurel
plant originated in Anatolia and the Balkans. It naturally
grows up to 600-800 m altitudes through Turkey coastline
[4]. Laurel trees are generally grown in America and Europe
as an ornamental plant. Besides, it is one of the most popu-
lar plants in the Mediterranean region having an enormous
variety [1]. Its aromatic leaves are grown for commercial
purposes in Turkey, Mexico, Portugal, Italy, Spain, France,
Algeria, and Morocco [5, 6]. Both essential oils and fixed
oils of laurel are used in food, cosmetics, and medicine [1].
Laurel leaves are also extensively used in folk medicine to
treat rheumatism, gastrointestinal, and urinary problems
[1, 7]. Turkey is the largest exporter in the world at laurel
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trade [5]. In addition to its essential oil, some of which are
exported, laurel has many uses in Turkey [1].

In 21st-century, crop breeding programs researching
natural biodiversity as a source of novel alleles to increase
adaptability, yield, health properties, and nutritional value
of crops have gained considerable importance. Genetic
variations identification in plants was performed by physi-
ological, morphological, and cytological features previously.
However, morphological data is inadequate in determining
genetic differences due to a gene affects more than one char-
acter, and that one character recognized more than one locus.
The trend towards molecular methods has increased due to
the insufficiency of these data in plant systematics descrip-
tions for taxonomy studies in recent years. Hereby molecular
techniques were developed concerning DNA for genotyping
[8, 9]. ISSR, one of the PCR-based marker techniques con-
taining multi-allelic loci, can quickly show the differences
between closely related individuals very informatively. This
is a low-cost technique developed by Zietkiewicz et al. [10]
that detecting polymorphisms in microsatellites and requires
a small amount of template DNA. ISSR outputs a large num-
ber of fragments and reproducibility [11]. Primers in this
technique are generally based on a repeated sequence range
by degenerate 3’ anchor and amplify the sequence among
two microsatellites [12]. Gene targeted markers are currently
very popular in developing new markers, and generate poly-
morphisms from the exon, intron, or promoter regions of the
genes that may be directly related to gene functions [13].
SCoT, a member of gene-targeted markers, is a simple and
reliable marker system developed by Collard and Mackill
[14]. Compared to other marker systems, SCoT markers
provide more information on biological properties and uni-
versality in plants. They also resemble inter simple sequence
repeat or random amplified polymorphic DNA but have the
advantage of close linkage with the target [14]. They have
many benefits compared to other markers thanks to high
polymorphism and reproducibility [15]. In recent studies,
SSR and SCoT provided remarkably high polymorphism in
the various plants [16—19]. ISSR and SCoT widely preferred
for genetic diversity analysis because of their simple pro-
cedures, excellent stability, not affected by environmental
factors and high reproducibility [16, 17].

Genetic diversity of laurel plant has been investigated in
some studies. In brief, limited number of molecular charac-
terization studies have been performed related to this sub-
ject on local laurel genotypes. However, the germplasm size
or/and the number of molecular markers used previously
are relatively small except for the work of Karik et al. [20].
Therefore, more extensive regional studies were required.
There are only two studies that have been conducted with
ISSR markers so far [21, 22], but the research area sizes
were very small compared to this study. On the other hand,
SCoT has not been studied yet. In light of previous studies,
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the opportunity to examine the genetic diversity in laurel
plants in wider areas with different marker systems has
emerged for this study. On this occasion, Turkish laurel
germplasm and its current variations were identified at the
molecular level in this study, and the fundamental informa-
tion was established for future breeding studies by utilizing
these variations.

Materials and methods
Plant material and DNA extraction

Breeding materials that comprised 94 laurel genotypes col-
lected from 26 Turkish provinces of 4 geographical regions
provided from AARI (Aegean Agricultural Research Insti-
tute) were tested in this study (Supplementary Table 1,
Fig. 1). The Mediterranean and Aegean Regions have hot
and dry summers, winters are mild and rainy. Snowfall and
frost are rare in the coastal zone. Winters are cold and snowy
at higher altitudes. The Black Sea Region has relatively cool
summers, warm winters in the coastal areas, and snowy and
cold higher areas. It is rainy in all seasons and there is no
water shortage. In the Marmara Region, the winters are not
as warm as the Mediterranean climate, and the summers are
not as rainy as the Black Sea climate. It is not as cold in win-
ter and dry in summer as the continental climate. Because
of these features, the Marmara climate is a transitional cli-
mate between the continental Black Sea and Mediterranean
climates.

Young leaves of the plants were harvested and brought to
the laboratory at the optimum time. DNAs isolated follow-
ing the CTAB protocol [23] with some minor modifications
[24]. Isolated DNA samples were separated on 0.8% aga-
rose gel and concentrations were measured using NanoDrop
(DeNovix DS-11 FX). The optimum level for PCR amplifi-
cation was determined as 5 ng uL™!. The stocks were diluted
up to this concentration and kept at — 25 °C until analyses.

ISSR and SCoT amplification

Some modifications were made on the protocols used by
Ali et al. [17] for ISSR and by Collard and Mackill [14]
for SCoT. 16 ISSR and 10 SCoT primers were used in this
study. PCR amplification for ISSR had 20 pL solution with
3 pL template DNA (5 ng uL™!), 2 mM dNTPs (Thermo
Scientific), 1.5 pL MgCl,, 2 pL 10XPCR buffer (Thermo
Scientific), 0.8 pL primer, 0.2 pL U Taq DNA polymerase
(Thermo Scientific), and 9.5 pL. ddH,O. PCR cycle consisted
of 3 min denaturation at 94 °C, 1 min of 30 denaturation
cycles at 94 °C, 1 min of annealing temperature at 48-54 C
depending upon the primer, 1 min of extension step at 72 C,
and 10 min of final extension at 72 “C. Followings were
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Fig. 1 The locations of 94 laurel genotypes used in the study

different for SCOT; 2.5 pL MgCl,, 1.5 pL primer, and 7.8 pL
ddH,0. The reaction cycle consisted of 5 min denaturation
at 94 °C, 1 min of 35 denaturation cycles at 94 °C, 1 min of
annealing temperature at 50 ‘C, 2 min of extension step at
72 °C, and 8 min of final extension at 72 “C, using BIO-RAD
T100 Thermal Cycler.

The amplified DNA products obtained were loaded onto
a 2% agarose gel and separated in 4 h (for ISSR) and 5 h (for
SCoT) at 120 V. After the gels were removed from the elec-
trophoresis system and put into ethidium bromide for 5 min
and passed through pure water. At the end of the process,
the gels were imaged under UV and recorded for analysis.

Data analysis

Clear, unambiguous, and strong bands were selected for
scoring. The binary system is used by scanning as 1 and
0 according to the presence or absence of specific bands,
among the markers according to 100 bp+ DNA ladder.
Polymorphism information content (PIC) was determined
according to the method of Baloch et al. [25] for ISSR and
SCoT. PopGene ver. 1.32 [26] was used to predict various
important genetic diversity parameters like; gene diversity
(H), Shannon’s Information Index (I), effective alleles num-
ber (NE), overall gene diversity (HT), and Nei’s genetic
distance (GD). This study’s genotypes were supplied from
4 geographical regions (Aegean, Mediterranean, Black Sea,
Marmara) in Turkey. For this reason, some diversity values
calculated on a regional basis using PopGene ver. 1.32 [26].
AMOVA (Analysis of molecular variance) and UPGMA
(The unweighted pair group method with arithmetic mean)

|0 BLACK SEA REGION
|l MARMARA REGION
- |0 AEGEAN REGION
~ |0 MEDITERRANEAN REGION

were performed using R software [27] to explore the level of
diversity among laurel germplasm. STRUCTURE software
(version 2.3.4, Stanford, CA, USA) was used to reveal the
population structure of genotypes with the Bayesian cluster-
ing model’s help. The cluster numbers (the number of K; the
number of subpopulations) were determined following the
protocol of Evanno et al. [28] was plotted and followed the
K (number of clusters) against logarithm possibility relative
to the standard deviation (AK). A total of 10 independent
runs were set for each K value, and each run, the beginning
burn-in period was set to 5000 with 10,000 MCMC (Markov
chain Monte Carlo) iterations. Mantel test was performed
with GENALEX ver.6.51 [29] to determine linear relation-
ship between Nei’s genetic distances of ISSR and SCoT.

Results
ISSR genetic diversity

A total of 373 clean and scorable bands were identified, with
an average of 23.31 per primer. Among the scoreable bands,
348 (93.3% of total) were polymorphic, with an average of
21.75 per primer. Primer UBC890 had the highest num-
ber of bands (46) and the highest number of polymorphic
bands (42). The least scored (13) primers were UBC812
and UBC825. The average PIC (Polymorphism information
content) was 0.70, and while the highest PIC was obtained
from UBC825 with 0.80, the lowest PIC was obtained from
UBCS810 with 0.54. The mean, the highest, and the lowest
NE (Effective alleles number) were 1.52, 1.73 (UBC814),
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and 1.42 (UBC888), respectively. The mean genetic diver-
sity (H) was 0.31, the highest was 0.39 (UBCS814), and the
lowest was 0.25 (UBC888). The mean Shannon Information
Index (I) was 0.46, the highest was 0.56 (UBC814), and
the lowest was 0.38 (UBC888). Overall gene diversity (HT)
values were between 0.06 (UBC815) and 0.29 (UBC810),
with an average of 0.19 (Table 1). Nei’s genetic distances
were calculated to evaluate genetic diversity, with paired
genetic distance measurement in 94 laurel genotypes. The
mean genetic distance among genotypes was 0.39, while the
highest was 0.70 (Antalyal and Zonguldak5), and the lowest
was 0.17 (Sinop5 and Zongudak5) (Supplementary Fig. 1).

SCoT genetic diversity

A total of 227 clean and scorable bands were identi-
fied, with an average of 22.7 per primer. Among the 227

scorable bands, 175 (77.1% of total) were polymorphic,
with an average of 17.5 polymorphic bands per primer.
Primer SCoT-2 had the highest number of bands (34). The
least scored (16) primers were SCoI-7, SCoT8, SCoT10,
and SCoT11. Primer SCOT-1 had the highest polymor-
phic bands (28). The average PIC was 0.45, the highest
PIC was obtained from SCoT-5 with 0.63, and the lowest
PIC was obtained from SCoT-8 with 0.15. The mean, the
highest, and the lowest NE were 1.38, 1.52 (SCoT-6/SCoT-
10), and 1.13 (SCoT-8), respectively. The mean H was
0.23, the highest was 0.31 (SCoT-10), and the lowest was
0.09 (SCoT-8). The mean I was 0.35, the highest was 0.46
(SCoT-6), and the lowest was 0.11 (SCoT-8). HT values
were between 0.08 (SCoT-8) and 0.24 (SCoT-1) with an
average value of 0.18 (Table 1). The average genetic dis-
tance between genotypes was 0.26, the highest genetic dis-
tance (0.51) was found between Antalya5 and Zonguldak?2,

Table 1 Genetic diversity Primer  Name AT(C) TAB NPB PPB(%) PIC NE H I HT
parameters were identified to
evaluate 94 laurel genotypes ISSR  UBC807 50 29 27 93.10 072 157 033 050 0.19
;zgiifISSRandIOSCdr UBC809 52 18 17 9444 071 147 028 043 0.17
UBC810 50 18 16 88.80  0.54 157 031 046 029
UBC812 50 13 12 9231 072 150 030 045 020
UBCS813 50 14 13 9286 057 150 029 043 024
UBC814 50 17 16 94.12 077 173 039 056 023
UBC815 50 18 17 9444 073 151 030 046 006
UBC816 50 25 25 10000 076 147 029 045 025
UBC817 50 21 21 10000 072 158 034 051 0.17
UBC819 50 10 9 90.00  0.68 154 032 048 0.I8
UBC825 50 13 13 10000 080 150 031 047 0.04
UBC834 52 16 16 10000 066 150 031 047 0.1
UBC847 52 34 33 97.06 076 144 027 042 0.16
UBC888 51 43 35 8140 068 142 025 038 0.8
UBC890 51 46 42 9130 070 150 029 045 027
UBC891 51 38 36 9474 075 161 035 052 021
Mean 2331 2175 9330 070 152 031 046 0.19
Total 373 348
SCOT  SCOT-1 50 32 28 8750 048 150 029 043 024
SCoT-2 50 34 27 7941 052 139 022 034 021
SCOT-3 50 23 18 7826 043 138 022 034  0.17
SCoT-4 50 28 15 5357 039 128 017 026 0.17
SCOT-5 50 2 21 9524 063 142 027 043 023
SCoT-6 50 24 2 9167 064 152 030 046 022
SCOT-7 50 16 13 8125 046 140 025 038 0.6
SCOT-8 50 16 5 3125 015 113 009 0.4 008
SCOT-10 50 16 14 8750 053 152 031 046 0.16
SCOT-11 50 16 12 7500 031 129 018 029 0.14
Mean 2270 1750 7709 045 138 023 035 0.8
Total 27 175

TAB Total amplified bands, NPB number of polymorphic bands, PPB percentage of polymorphic bands,
NE effective alleles number, PIC polymorphism information content, H gene diversity, / Shannon’s infor-
mation index, HT overall gene diversity, AT annealing temp
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and the lowest genetic distance (0.12) between Bartin2 and
Istanbul2 (Supplementary Fig. 2).

Clustering analysis of ISSR and SCoT results
STRUCTURE software divided 94 laurel genotypes into

two main populations by the Bayesian clustering model
according to ISSR and SCoT data (Fig. 2). K values were

also obtained from the STRUCTURE software were used
to detect the true number of laurel subpopulations (Fig. 3).
Both results showed that two populations were formed in the
Turkish laurel germplasm, supporting each other.
Populations were classified according to their existence
in 4 geographical regions (Black Sea Region, Marmara
Region, Aegean Region, and Mediterranean Region) to
detect better analyze the variation. From this point, to

| ISSR

Fig.2 Structure-based clustering of 94 laurel genotypes using 16 ISSR and 10 SCoT markers
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Fig.3 Estimated K values for the structure analysis of Turkish laurel germplasm
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understand the population structure more clearly, laurel
germplasm was divided into two populations according
to the Bayesian-based clustering algorithm. Population A
included mostly genotypes from the Mediterranean region.
Population B had mostly genotypes from the Aegean and
Marmara regions. A high rate of the Black Sea region’s
genotypes was present in population A (Fig. 4). Although
few differences were detected between ISSR and SCoT, a

Fig.4 Separating 94 laurel
genotypes to structure-based
clustering using 16 ISSR and 10
SCoT markers

high level of consistency was found between population
structures (Figs. 2, 4).

As aresult of AMOVA, the variation within the popula-
tion was higher than the variation among populations. The
majority of genetic variations occurred as 96% in the popula-
tion sets in AMOVA for both markers (Table 2).

Genetic diversity was calculated according to the collec-
tion regions (Mediterranean, Aegean, Marmara, and Black

30
/
30
/
B Black Sea 0O Mediterranean O Aegean O Marmara

Table 2 Analysis of molecular variance to determine the genetic diversity of Turkish laurel genotypes
ISSR source Df SS MS Est. Var %
Among Pops 3 35.848 11.949 0.271 4
Within Pops 90 533.724 5.930 5.930 96
Total 93 569.573 6.202 100
SCoT source Df SS MS Est. Var %
Among Pops 3 21.963 7.321 0.157 4
Within Pops 90 346.023 3.845 3.845 96
Total 93 367.986 4.001 100

Df Degrees of freedom, SS sum of squares, MS mean square, Est. Var., estimated variance
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Sea) of 94 laurel genotypes. Genotypes collected from the
Black Sea region showed a higher number of gene diver-
sity (0.28), effective alleles (1.49), expected heterozygosity
(0.20), and Shannon’s information index (0.43) according to
ISSR analysis. Besides, genotypes of Mediterranean showed
higher values except for Ht in SCoT analysis (Table 3).

Neighbor-joining clustering analysis performed to deter-
mine the genetic relationships by showing the distribution
among 94 laurel genotypes based on their provinces and geo-
graphical regions is given in supplementary Fig. 1 and Fig. 2
The biplot graph showing the PCoA analysis performed to
separate genotypes according to their geographical regions
is also given in supplementary Fig. 3.

The linear relationship of ISSR and SCoT was deter-
mined with mantel test. The correlation coefficient was 0.25
according to Nei’s genetic distances of the two marker sys-
tems. Mantel test graph is given in Fig. 5.

Discussion
Polymorphism in Turkish laurel germplasm

A total of 16 ISSR and 10 SCoT markers were used to deter-
mine the genetic diversity of the Turkish laurel germplasm
(Table 1). Total and polymorphic band numbers were higher
than Karik et al.’s [16] iPBS-Retrotranspozon (195/164),
Sevindik’s [22] ISSR (46/22), and Arroyo-Garcia et al.’s [30]
AFLP (167/100) studies on laurel. Also, Mohamed et al. [21]
worked widely on the Lauraceae family using ISSR markers
(209/165), and findings were lesser than ours. The polymor-
phism mean in this study was 93.3% for ISSR markers and
77.1% for SCoT markers. The rate of ISSR was higher than
reported by Karik et al.’s [20] 84.1% and Sevindik’s [22]
47.8%. High polymorphism obtained in this study is thought
to occur due to differentiation of marker systems, population
sizes, and primer numbers. Moreover, the difference between
polymorphism ratios of ISSR and SCoT determined in this
study supports these circumstances. PIC, which is the value
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Fig.5 Mantel test for association between Nei’s genetic distances of
ISSR and SCoT

for the exploration of discriminating power marker among
genotypes [31], and efficiency of polymorphic loci [32], was
the mean of 0.70 in ISSR and 0.45 in SCoT. These values
were higher than reported by Karik et al.’s [20] PIC value
(0.36) in laurel accessions. When the marker systems were
compared, ISSR and SCoT had a higher value than iPBS-
Retrotransposon in terms of PIC in Turkish laurel germ-
plasm. Additionally, PIC values in some previous ISSR and
SCoT studies, 0.35 in rice with ISSR [33], 0.35 in safflower
with SCoT [34], 0.32 in sesame with ISSR [35], in salvia
0.38 and 0.40 with ISSR and SCoT respectively [36], 0.30 in
olive with ISSR [16], and 0.45 in safflower with ISSR [17]
did not exceed the results of this study. Besides, Agarwal
et al.’s [18] PIC value (0.79) of SCoT exceeded the PIC
of SCOT in this study. In another study with both marker
systems (ISSR and SCoT), Igwe et al.’s [19] PIC values in
Vigna unguiculata L. (Walp) accessions were higher than the
PIC values of this study. In comparison to previous studies,
the findings of this study mostly had higher PIC values. The
reason for the low SCoT PIC value in this study is due to

Table 3 A geographical region-

. ; Primer Region NE H 1 HT GD
based diversity parameters
assessment for Turkish Laurel Mediterranean 1.41 0.24 0.37 0.14 0.37
germplasm Aegean 145 0.26 0.40 0.19 0.40
ISSR Black Sea 1.49 0.28 0.43 0.20 0.39
Marmara 1.46 0.27 0.41 0.17 0.38
Mediterranean 1.38 0.23 0.35 0.13 0.30
Aegean 1.34 0.21 0.31 0.12 0.25
SCoT Black Sea 1.35 0.22 0.33 0.18 0.26
Marmara 1.33 0.20 0.30 0.16 0.24

NE Effective alleles number, / Shannon’s information index, H gene diversity, HT overall gene diversity,

GD Nei’s genetic distance
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the number of polymorphic bands of the markers. It is seen
that polymorphic bands in SCoT markers were relatively
low compared to ISSR markers. In addition, this difference
has increased even more, especially due to a large number
of monomorphic bands in the SCoT-8 marker. Markers pair
with different regions according to the presence and absence
of different base sequences in the genome. The data obtained
in this study proved that ISSR markers are able to capture
these differences remarkably exhibiting greater variation in
the laurel plant compared to both the SCoT (in this study)
and the other marker systems in the literature. These facts
prove the ISSR’s discriminative power between genotypes
and the efficiency of polymorphic loci.

Genetic diversity of Turkish laurel germplasm

One of the most crucial steps towards breeding activities
is genetic diversity assessment since it provides a new
source of variation [37]. Local genotypes underwent genetic
changes over time due to biotic and abiotic factors, and they
have been the main source of agricultural production for
centuries [38]. Therefore, it is important to collect and pre-
serve local genetic resources and to evaluate them appropri-
ately. Diagnosing of laurel genetic sources at the molecular
level is important in terms of laurel breeding activities to be
carried out in Turkey. Turkish laurel germplasm’s genetic
diversity identified using ISSR and SCoT markers (Table 1).
The maximum number of effective alleles is always an indis-
pensable parameter for detecting genetic variation since it
reveals more genetic variation. The average number of effec-
tive alleles in this study was 1.52 in ISSR, and 1.38 in SCoT,
which was higher than Agarwal et al. [39] (1.36) with ISSR,
and Gogoi et al. [40] (1.33 and 1.19) with SCoT and ISSR
respectively. In another study, Dilipan et al. [41] obtained
a 1.44 Ne value from SCoT and exceeded ours. Mean gene
diversity results (ISSR: 0.308; SCoT: 0.230) higher than
reported in other studies [42-45], and the germplasm in
this study appears to have higher diversity. Shannon’s infor-
mation index (I) is a crucial parameter for understanding
genetic diversity variation by integrating equality and abun-
dance [46]. The mean Shannon information indexes in this
study (ISSR:0.46; SCoT: 0.35) were also higher than some
previous studies [40, 42]. The relatively high values of the
number of effective alleles, gene diversity, and Shannon
information index determined in this study show Turkish
laurel germplasm has higher genetic diversity compared
to other studies in the literature. Thereby, the marker sys-
tems used in this study were considered quite convenient in
genetic diversity analysis.

In this study, the distances between sampling regions were
quite consistent with the genetic distances. These results
confirm the fact that geographical distance is one of the
main causes of genetic differentiation between populations
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by barring gene flow [47]. Detection of the highest genetic
distances from genotypes of Antalya and Zonguldak prov-
inces in both marker systems shows that more focus should
be given to these provinces for sake of breeding studies. The
most important information obtained from genetic distances
in testing plant breeding methods is selecting genotypes with
the furthest distance from each other since the gene pool
is desired as large as possible. In this perspective, accord-
ing to ISSR results, Zonguldak5 and Antalyal genotypes,
according to the SCoT results, Kastamonu2 and Antalya5
genotypes, can be the most recommended genotypes as par-
ents for laurel breeding. Various diversity parameters were
also calculated according to the geographical regions where
the genotypes were collected to elucidate the genetic vari-
ations in more detail (Table 3). According to ISSR results,
The Black Sea region and according to the SCoT results, the
Mediterranean region showed a higher level of diversity than
other regions. These regions’ common feature is that they
are superior to the other two regions in geographical dis-
tances between genotypes. On this occasion, it clearly seems
that expanding the geographical boundaries will expand the
gene pool gathered.

According to AMOVA, higher variations were iden-
tified within the laurel genotypes as 96% (in both analy-
ses). Higher variations within the genotypes may be due
to genetic drift, pollination, gene flow, adaptation, and
ecotypes variation [48]. Also, environmental transformations
and human activities may be responsible for this situation
[49]. Neighbor clustering analysis aims to group genotypes
according to their geographical regions and provinces, was
performed for 94 Turkish laurel germplasm. Apart from the
Aegean region, the same regions’ genotypes were gener-
ally together. In Turkey, laurel plants are native to Hatay,
Mersin, Adana, and Kahramanmaras provinces (Mediterra-
nean Region) [5]. Over time, with the farmers’ attraction to
this plant, it spread to Marmara and Black Sea regions. The
mixture in this region is very high since it passes from all
regions to the Aegean region after these regions. Genotypes
were divided into geographical regions where they collected
with PCoA (Supplementary Fig. 3). The conflict regarding
the Aegean region’s laurel gene pool was proved by this
study, which gave results to the degree that supports this
hypothesis. Aegean region genotypes appeared as mixture
of 3 regions’ genotypes, supporting the gene flow hypoth-
esis. According to the model-based structure algorithm,
genotypes were divided into two population groups to their
provinces and corresponding geographical regions (Fig. 2).
Genetic distances of 94 laurel genotypes in 4 geographical
regions were separated as Population A and B. Population
A contained mostly genotypes of the Mediterranean region
except for three genotypes. Population B contained mainly
genotypes from the Aegean and Marmara regions. A high
rate of the Black Sea’s genotypes was present in population
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A (Fig. 3). Gene escapes were observed between these two
populations, albeit in small amounts, due to the possibility
of seed changes and some crossbreeding.

The comparison of genetic distances by the Mantel test is
one of the most popular ways to interpret spatial processes
driving population structure [47]. In this study, the correla-
tion coefficient was 0.25 (r). In the molecular characteriza-
tion study conducted by Singh et al. [50] on jujube culti-
vars using 14 ISSR and 17 SCoT primers, the correlation
coefficient was 0.24 (r). Compared to the mentioned study,
our correlation coefficient was similar. This low correlation
between SCoTl and ISSR markers may be due to the specific-
ity of each primer to divergent target regions in the genomes.

Conclusions

Determination of the degree and distribution of genetic
diversity is crucial for future breeding studies to be
improved. A remarkable genetic diversity was achieved
among 94 laurel populations. ISSR and SCoT markers were
utilized in this study, and they were evaluated as very effec-
tive to detect the genetic diversity of laurel germplasm.
Zonguldak5 and Antalyal and Kastamonu2 and Antalya5
genotypes had the highest genetic distances in the ISSR
and SCoT, respectively. These genotypes are considered the
most recommended genotypes as parents for laurel breed-
ing. In general, there was almost no difference between the
two marker systems in evaluating genetic distances of the
laurel populations. However, when 94 laurel genotypes are
assessed in terms of all genetic diversity parameters, the
ISSR marker system resulted in more informatively. On the
other hand, SCoT markers are known to be produced from
the functional region of the genome. Therefore, we suggest
that these markers should be used in QTL mapping and the
construction of linkage maps. Since high genetic diversity
was obtained within vast geographical boundaries, the main
purpose of the next studies should be to develop new varie-
ties of laurel.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11033-021-06474-y.
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