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Abstract

Turkey is one of the few countries that exports the highest quality bay laurel leaf and covers
about 90% of the world bay laurel leaf trade. In this study, 95 bay laurel genotypes selected from
flora of Hatay province for their superior characteristics were used. Selected genotypes were
genetically characterized by 6 SSR markers and the DNA contents were determined by Flow
Cytometry. No polyploidy was determined as a result of flow cytometry analysis and 2C DNA
values were observed between 5.91 and 6.36 pg. As a result of the SSR analysis, a total of 82
alleles were obtained with a mean of 16.4 of 5 polymorphic loci, while LnD106 loci were
observed monomorphic. The highest number of alleles (24 bp) was observed in the LnA2 locus.
Generally, a low similarity is determined among the genotypes. The highest genetic similarity
was seen in E6 and 06 genotypes with 80%.This situation revealed the importance of genetic
diversity in Hatay bay laurel populations. The results are important as regard to reveal and
protect the genetic diversity of bay laurel existence in Hatay.
Key words: Genetic diversity, L. nobilis, DNA content, SSR

Defne (Laurus nobilis L.) Populasyonlarinin Mikrosatellit Markorler ve Flow Sitometri ile
Genetik Karakterizasyonu
Ozet

Turkiye, yuksek kaliteli defne yapragi ihra¢ eden birkag¢ llkeden biridir ve diinya defne
yapragl ticaretinin yaklasik % 90'ini Tlrkiye yapmaktadir. Bu c¢alismada Ustlin ozellikleri
nedeniyle Hatay florasindan secilen 95 adet defne genotipi kullaniimistir. Secilen genotipler,
genetik olarak 6 SSR markori ile karakterize edilmis ve DNA icerikleri Flow Cytometry ile
belirlenmistir. Flow sitometri analizi sonucunda poliploidi saptanmamis ve 2C DNA degerleri
5.91ile 6.36 pg arasinda gozlenmistir. SSR analizi sonucunda, 5 polimorfik lokusta ortalama 16.4
ile toplam 82 allel elde edilirken, LnD106 lokusu monomorfik olarak gbzlenmistir. En yiksek allel
sayisi (24 bp) LnA2 lokiisiinde gozlenmistir. Genel olarak, genotipler arasinda benzerlik diistik
olmustur. En ylksek genetik benzerlik orani % 80 ile E6 ve 06 genotiplerinde gorilmistir Bu
durum Hatay defne poplilasyonlarindaki genetik gesitliligin 5nemini ortaya ¢ikarmistir. Sonuglar,
Hatay'da defne varliginin genetik cesitliligini ortaya koymak ve korumak agisindan énemlidir.
Anahtar Kelimeler: Genetik gesitlilik, L. nobilis, DNA icerigi, SSR

Introduction as cinnamon and avocado (Heywood, 1978;
Christenhusz and Byng, 2016). L. nobilis L., also
known as Mediterranean bay laurel, is widely
grown in Turkey, Greece, Italy, Spain, Portugal,
France, Yugoslavia, Syria, Morocco, Algeria,
Mediterranean Islands and California (Baytop,

Bay laurel (Laurus nobilis L.) is an
evergreen, dioecious plant in the form of a
pyramidal-shaped tree or large bush of the
Laurus genus of the Lauraceae family. Besides
bay laurel, there are about 2500 species in
Lauraceae family including plant species such
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1999; Ross, 2001; Kumar et al,,
Rodriguez-Sanchez et al., 2009).

Bay laurel grows naturally starting from
the province of Hatay along the
Mediterranean, Aegean and Black Sea coasts,
up to 1200 m altitudes in the inner parts of
these coastal areas (Kayacik, 1977; Davis,
1982; Anonymous, 2016). In Turkey, 5500 tons
of bay laurel seeds and 21634 tons of dry bay
laurel leaves are produced, 12741 tons of the
dry bay laurel leaves are exported every year.
Comparing the export values of medicinal and
aromatic plants in recent years, the export of
bay laurel dry leaf is one of the frontrunners in
terms of the amount and the economic value
in Turkey (Anonymous, 2014; Anonymous,
2016; Safak and Okan, 2004; Kurt et al. 2016).
Turkey holds approximately 90% of the world
bay laurel leaf trade.

The main constituents of bay laurel
essential oil are 1,8-cineole, trans-sabinene
hydrate, a-terpinyl acetate, methyl eugenol,
sabinene, eugenol and a-Pinene (Kekelidze et
al., 987; Ceylan and Ozay 1990; Kili¢ et al.,
2004; Verdian-Rizi, 2008; Ayanoglu et al.,
2013). Leaves of bay laurel with aromatic odor
are used in cooking to give fragrance and
flavor to soups, stews, seafood, and etc in
many cuisines. Bay laurel oil is commonly used
as a moisturizer and fragrance ingredient in
soap and other cosmetic skin moisturizing
products in the industry. As a healing herb; it
is known that the essential oil of bay laurel
leaves are used for treatment of rheumatism,
skin rashes, and ear pain. It is specified that
bay laurel leaves have the benefits as
antioxidant (Simic et al., 2003), analgesic (pain
reliever), anti-inflammatory (Sayyah et al.,,
2003) and antifungal (Rodilla et al., 2008).

The evaluation of morphological,
biochemical characteristics and the DNA
markers both in research and in practice, has
gained importance in terms of properly
orienting the genetic potentials of plants and
the opportunity of benefiting these markers in
plant breeding is increasing day by day. SSR
markers have been identified as the
advantageous technique for genomic studies
in terms of high polymorphism and
repeatability (Powell et al., 1996).

2003;

Flow cytometry, which is widely used
today in cytogenetic definitions; is an efficient,
reliable, rapid method that is particularly
effective in determination of the amount of
DNA in plant cells, in the detection of cell cycle
analyzes, and in the investigation of variations
in ploidy status (Suda et al., 2003, Galbraith
2004, Bennett and Leitch, 2011).

The aim of the present study is to assess
population structure of bay laurel in the
region, the level of genetic variability as well
as the relationship among the selected
genotypes to aid in the selection of promising
genotypes and to enhance the efficiency of
bay laurel breeding program. In the study;
among the 203 bay laurel genotypes collected
from different locations of Hatay province
(Ayanoglu et al., 2013), a total of 95 bay laurel
genotypes showing superior characteristics in
terms of various characters were genetically
characterized by scanning with SSR markers. In
addition, polyploidy levels were compared by
determining the nuclear DNA content of the
genotypes by flow cytometry.

Materials and Methods

Plant material

In the previous selection studies
conducted in Hatay province, 203 genotypes
were examined and 95 genotypes were
selected for their superior characteristics
(Ayanoglu et al., 2013). These characteristics
are fruit weight (A2, B23, H3, SY3, SY9), kernel
weight (B30, E10, YY1, B1), kernel ratio (B5,
B6, B33, ER3, K2), ovality coefficient (ER20, O9,
ER4), berry oil content (ER1, ER6, ER16, ER17,
ER29, ER41), berry flesh oil content (B26,
ER12, ER13), kernel oil content (E6, E9, ER14,
ER17, ER22, ER24), lauric acid ratio (HB7, K9,
BA9, ER42, ERS8, K1), oleic acid ratio (S4, S7, H1,
012), palmitic acid ratio (BA13), chlorophyll
SPAD value (H7, H11, HB11, SY7, 017), dry leaf
ratio (AY4, SK3, YY2, YY3), leaf area (B11, B21,
H5, HB10), essential oil contents (B29, B34,
HB8A, HB8B, K4, SY10, YY7,YY8, E1, ER7, ER35,
06, 08), 1,8 cineol content (AY3, AY5, B10,
ER11, ER26, 04, 013), essential oil
components (B4, B25, ER3, ER15, ER18, H2,
HU2, HU3, K10, K12, S6, SY2, SY5, SK4, YY5,
BA3, E5, S3, D2).
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Table 1. Locations, coordinates and altitudes (m) of bay laurel genotypes

Genotype Location m Coordinate Genotype Location m Coordinate Genotype Location m Coordinate
A2 Altinoézi 311 '\é gg 11 g;; ER6  Eriklikuyu 268 NE gg gg 82421 K1 Kapisuyu 130 ': zg (5)2 ggg
AY3  Karsiyaka 28 '\El _3,2 gg gig ER7  Eriklikuyu 270 '\é zg 8?) g;; K2 Kapisuyu 128 ': ;g (5)2 ;2;
AY4  Karslyaka 29 '\é gg gg 2:223 ER8  Eriklikuyu 271 NE gg gg 8;(7) K4 Kapisuyu 126 ': zg (5)2 ggg
AY5 Karsiyaka 29 '\El _3,2 gg 222 ER11  Eriklikuyu 276 '\é zg 8?) gig K9 Kapisuyu 319 ': ;g (5); 471?)3
B1 Batiayaz 462 '\é gg (5)2 gﬁ ER12  Eriklikuyu 275 NE gg gg gig K10 Kapisuyu 192 ': zg (5); ggg
B4 Batiayaz 460 '\é gg gg 22213 ER13  Eriklikuyu 275 ': zg gz g:(l) K12 Kapisuyu 251 '\é zg gg ggg
B5 Batiayaz 460 '\é ig (5)3 i:; ER14  Eriklikuyu 275 NE 32 8(9) 8:(2) 04 Olgunlar 680 ': ;2 gg 222
B6 Batiayaz 460 '\é ;g gg ‘8;(1) ER15  Eriklikuyu 276 '\é zg 8?) 8‘51; 06 Olgunlar 676 NE 22 gi igg
10 | sotver 445 NP5 gag e 275 NIO00gg gy gy N30 190
B11 Batiayaz 444 '\é ;g gg ‘8‘:2 ER17  Eriklikuyu 279 '\é zg 8?) 82; 09 Olgunlar 633 NE 22 gg 123
B21 Batiayaz 429 '\é ;g gz i;g ER18  Eriklikuyu 280 '\é 32 8(9) 82: 012 Olgunlar 631 ': 22 33 g;
23 sy 40 P27 gon cdun 280 NP5 g g g NI 9209
B25 Batiayaz 442 '\é ;g gz 22: ER22  Eriklikuyu 279 '\é 32 8(9) g:i 017 Olgunlar 628 ': 22 33 iég
026 satoyar 458 P00 gy cey 2s3 NP0 g gy N30SI
B29 Batiayaz 464 '\é ;g gg 181;3 ER26  Eriklikuyu 286 ': gg (())?) giz S4 Sinanli 70 NE 22 gi 233
B30 Batiayaz 463 '\é ig gz ?132 ER29  Eriklikuyu 289 '\é 22 g?) 82; S6 Sinanli 63 '\é ?_;2 gz ?;;2
B33 Batiayaz 459 '\é zg gg igg ER35  Eriklikuyu 301 ’\é gg 8(9) cl)gz S7 Sinanli 60 NE ig gi :::gi
30 sotover 60 NP0 g e 300 NPT g g, N3607a
BA3 Batiayaz 438 '\é zg ;g izl;g ER42  Eriklikuyu 288 ’\é gg 8(9) (1)3; SY3 Sinanli 43 NE ig g; gg
BA9 Batiayaz 493 '\é ig ;g ?11712 H1 Harbiye 170 ': 32 (SJ; 17132 SY5 Sinanli 42 ': ?;2 gé ;713
BA13  Batiayaz 476 '\é ;g gg gg H2 Harbiye 171 ’: gg 8; 233 SY7 Sinanli 42 NE 22 8; ég?
D2 Déver 227 ’\é ig g; ggi H3 Harbiye 164 ': 32 g; 333 SY9 Sinanlh 21 '\é 22 gg 323
D13 Déver 232 '\é 3(65 857; égg H5 Harbiye 149 ’: gg 8; 2111; SY10 Sinanli 21 '\é :2 gz ??i
E1l Eriklikuyu 214 ’\é gg 8(9) 2;2 H7 Harbiye 150 ': ig (()); g;; SK3 Saksak 759 '\é 22 gi 3;3
E5 Eriklikuyu 266 '\El gg g?) (3)22 H11 Harbiye 138 NE :Z 8; is;‘ SK4 Saksak 756 NE ;Z gi 3??
E6 Eriklikuyu 261 ’\é gg 8(9) 2;2 HB7 Batiayaz 478 ': ig ;g g?g YY1l VYayladag 945 '\é gg 83 ;Z:
E9 Eriklikuyu 253 '\El gg gg ggg HB8A  Batiayaz 479 NE :g _1,(9) gig YY2  VYayladag 948 NE ;2 8(7) ;::
E10  Eriklikuyu 252 ’\é gg 8(8) 22; HB8B  Batiayaz 479 ': ig ;g g?i YY3  Yayladag 949 Estsogc;;gg
ER1  Eriklikuyu 258 '\El i: 83 ggg HB10 Batiayaz 481 '\é :g ;g g?: YY5  Yayladag 938 '\é ;g 83 ;is
ER2  Eriklikuyu 265 '\é gg g?) gg? HB11 Batiayaz 480 NE ?g ég gg?) YY7  VYayladag 976 NE 22 3(7) ig;
ER3  Eriklikuyu 258 '\El i: gz 321 HU2  Haseyinli 79 '\é :2 3)2 ggg YY8  Yayladag 985 '\é ;g 83 ?;g
ER4  Eriklikuyu 265 l: gg g?) gig HU3  Huseyinli 81 NE gg (1)2 ggg
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The young leaves of single plant of these
selected genotypes were used as material in
the experiment. The information on location,
altitude and coordinates of where the bay
laurel genotypes are grown is given in Table 1.

SSR Analysis

DNA was extracted from the bay laurel
leaf tissue according to CTAB protocol for
isolation (Doyle and Doyle, 1987), modified by
Lefort et al., (1998). A total of 6 SSR markers,
namely LnA2, LnD106, LnD5, LnB2, LnA106,
LnB124 (Arroyo et al., 2010) were used in this
study. PCR amplifications were performed as
described by Selli et al. (2007) and the bonding
temperatures (TM) for the 6 SSR markers are
given in Table 2. Forward primers of each pair
were labeled with WellRED fluorescent dyes
D2 (black), D3 (green) and D4 (blue) (Proligo,
Paris, France). PCR products were diluted with
Sample Loading Solution (SLS) in certain
proportions according to the fluorescent dyes
used in fluorescent primer labeling, followed
by the addition of Genomelab DNA Size
Standard Kit-400 and electrophoresed in CEQ
8800XL Capillary DNA analysis system
(Beckman Coulter, Fullerton, CA). Allele sizes
were determined for each SSR loci by using
Beckman CEQ 8800 Fragment Analysis
software.

Genetic Analysis

Number of alleles (N)(bp-base pair), allele
frequency (alf), expected (HE) and observed
heterozygosity (HO), estimated frequency of
null alleles (r) and probability of identity (PI)
were calculated for each loci using the
program “IDENTITY 1.0” (Wagner and Sefc,
1999) according to Paetkau et al. (1995).
Proportion of shared alleles was calculated by
using ps (option 1-(ps) (Bowcock et al., 1994)
as genetic dissimilarity in the Microsat
(version 1.5) program (Minch et al.,, 1995).
These data were then converted to a similarity
matrix and a dendrogram was constructed
with UPGMA (unweighted pair-group method
with arithmetic mean) (Sneath and Sokal,
1973), using the software NTSYS-pc
(Numerical Taxonomy and Multiware Analysis
System) (version 2.0) (Rohlf, 1988).

Nuclear DNA Content Analysis

The DNA content of the samples taken
from the leaves of 95 bay laurel genotypes is
analyzed at the Plant Genetics and
Cytogenetics Lab of Agricultural Faculty of
Namik Kemal University located in Tekirdag,
Turkey. Until analysed, materials were kept at
4°C between moisturized filter paper, placed
in a disposable petri dish.

Absolute 2C DNA contents were
determined for each genotypes using
propidium iodide (Pl) staining. Samples and
leaf sections of Vicia sativa (2C DNA content:
3.65 pg-picogram), used as an internal
standard, were simultaneously chopped and
stained using the ‘CyStain Pl absolute P’ nuclei
extraction and staining kit (Partec GmbH,
Munster) according to the manufacturer’s
instructions. Samples were analysed using a
Partec CyFlow Space flow cytometer
(Munster, Germany). The absolute DNA
contents of bay laurel accessions were
calculated based on the ratios of the G1 peak
means of sample and reference standard
(Tuna et al., 2001).

Results

SSR Analysis

The LnA2, LnD106, LnD5, LnB2, LnA106,
and LnB124 (Arroyo et al., 2010). SSR loci used
in the study (Table 2). While all other primers
showed polymorphic property, only the
LnD106 primer was observed monomorphic
(130 bp). As a result of genetic analysis from 5
polymorphic loci, a total of 82 alleles were
obtained and the average number of alleles
was determined as 16.4. The highest number
of alleles was observed in the LnA2 primer
with 24 alleles, followed by primers LnB2 and
LN B124 with 22 and 18 alleles, respectively.

The lowest number of alleles was found
as 9 alleles in LnD5 and LnA106 (Table 3). The
expected heterozygosity values (He) were
0.753 (LnA106) to 0.932 (LnA2), and the
observed heterozygosity values (Ho) were
0.747 (LnA106) to 0.937 (LnB124). The mean
values of He and Ho were 0.855 and 0.865,
respectively. The highest heterozygosity value
was determined in LnA2, followed by LnB2 and
LnB124 loci (Table 3). Pl values are inversely
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correlated with the number of alleles and as
the discrimination of the SSR loci gets higher,
the Pl values approach to zero. In addition, the
Pl values of 5 SSR locus are found higher than

the threshold value (0.05), which is
determined by Sefc et al. (2001). PI values
ranged from 0.017 (LnA2) to 0.551 (LnA106).

Table 2. Characteristics of the studied SSR locus

No SSR Loci Repeat Motif Primer sequence (5’-3') Tm (C°) Size Range (bp)*

1 LnA2 (GT)s GC F: TGCCCAAAAATGGTGTAG 60 556,313
(GU344687) (GT)us R:CGTGGTCTTAGCCTTAGTAGTC
LnD106 F:-TGCTCTACGTTTTGTGAAGATC

2 ————— ATC 55 152-167
(GU344691) (ATC)s R:CATTGGAGGGAACTTCTTTTAC
LnD5 F: CGTTAGCACTGTCCCATCTG

3 ——— TGA) 60 115-130
(GU344692) (TGA)s R: CCGAAATCACCACCTTTTTC
LnB2 F: TATTTGAAGGTTTCCTCTCAGA

4 ————= GA 55 242-293
(GU344693) (GA)ae R: ATAAAGCGTGTCATTGTGAAC
LnA106 F: CAAATGATTTCAAGGACCAC

5—— AC 60 157-167
(GU344697) (AC)2 R: AGGGGTCTTACTTCTATGAAGG
LnB124 F: TGGAATGTATGGCTCTGAACTC

6 cT 55 223-285
(GU344698) (CT)ae R:CCAATCACAACCAGAAAGACAG

* Arroyo et al., (2010)

In particular, the Pl values of the primers
LnA2 (0.017), LnB2 (0.018) and LnB124 (0.041)
were observed to have high discriminatory
power in discriminating bay laurel genotypes.
Null allele values were observed generally
negative in two loci (LnD5 and LnB124) and
positive but close to zero in the other three
loci, thus proving the low possibility of them
being null alleles (Table 3). It has been
observed that the allele frequencies (alf) of
the 5 locus are not homogeneous (Table 4).
Alleles with the highest allele frequency of the
SSR loci were determined as follows: allele 250
(alf: 0.105) at LnA2, allele 93 (alf: 0.405) at
LnD5, allele 125 (alf: 0.411) at LnA106, allele
254 (alf: 0.134) at LnB2 and allele 232 (alf:
0.179) at LnB124. In the presented research,
29 accessions (genotypes: AY4, B1, B23, B29,
D2, ER4, 017, SY5, YY5, K2, ER29, H2, ER16,
ER20, ER35, 012, YY3, ER12, ER15, ER24, H5,
HU2, K4, B25, B26, H2, HB8B, K10, YY1)
showing triple alleles at one SSR loci, 10
accessions (genotypes: B33, H7, D13, E1, E9,
H1, S6, O4, ER24, ER14) at two SSR loci and
three accessions (genotypes: A2, ER1, SY9) at

three SSR loci were identified (Table 5).
Genetic similarities between genotypes varied
between 10% to 80%. The highest genetic
similarity (80%) was determined between the
E6 and 06 genotypes. The second highest
genetic similarity was 70% among six
genotypes (E9-09, SY3-SY5, ER8-ER24) from
different locations (Figure 1). Genotypes are
divided into two major groups; Group A and
Group B, as shown in the genetic relationship
dendrogram (Figure 1). In Group A, 5
genotypes (B1, HB10, B6, ER3, E5) showed
genetic similarity under the same main group,
whereas genotypes in Group B showed
genetic similarity, forming many subgroups.
The highest genetic similarity in Group A was
found between genotypes B1 and HB10, and
between genotypes B6 and ER3 with 40%.
Among 90 genotypes in Group B, the highest
genetic similarities were; 50% Subgroup 1
between YY3 and H5, 60% in Subgroup 2
between S7 and ER15, 80% in Subgroup 3
between E6 and 06, 70% in Subgroup 4.
between E9 and 09, and between SY3 and
SYS5.
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Table 3. Number of alleles (bp), expected heterozygosity (He), observed heterozygosity (Ho),

probability of identity (PI) and null allele frequency (r) of genotypes

SSR Loci N He Ho PI r
LnA2 24 0.932 0.842 0.017 0.025
LnD5 9 0.767 0.863 0.132 -0.054

LnA106 9 0.753 0.747 0.551 0.003
LnB2 22 0.930 0.895 0.018 0.018
LnB124 18 0.892 0.937 0.041 -0.024
Total 82 4.273 4.326 - -
Mean 16.4 0.855 0.865 - -

Table 4. Allele frequencies of 5 loci. (N: number, alf: allel frequency)

N LnA2 alf LnD5 alff LnAl06 alf LnB2 alf LnB124 alf
1 230 0.005 81 0.058 123 0.032 226  0.005 212 0.005
2 236 0.068 89 0.005 125 0.411 232 0.011 214 0.132
3 238 0.021 91 0.011 127 0.032 234  0.047 216 0.026
4 240 0.089 93 0.405 129 0.179 236 0.021 218 0.037
5 242 0.026 95 0.053 131 0.037 238 0.079 220 0.137
6 244 0.053 97 0.121 133 0.011 240 0.016 222 0.011
7 246 0.047 99 0.132 135 0.105 242 0.042 224 0.068
8 248 0.100 101 0.047 147 0.016 244 0.084 226 0.026
9 250 0.105 103 0.168 149 0.179 246  0.037 228 0.105
10 252 0.095 248  0.026 230 0.042
11 254 0.074 250 0.053 232 0.179
12 256 0.026 252  0.095 234 0.037
13 258 0.053 254  0.137 236 0.132
14 260 0.084 256  0.089 238 0.032
1 262 0.021 258 0.021 240 0.011
16 264 0.021 260 0.058 242 0.005
17 266 0.005 262  0.037 246 0.011
18 268 0.021 264  0.063 248 0.005
19 270 0.011 266  0.026
20 272 0.011 268  0.005
21 274 0.037 270 0.032
22 276 0.016 272 0.016
23 278 0.005
24 286 0.005

Table 5. The list of third alleles of genotypes

SSR Loci 3. Allele (bp) Genotype

220 A2, AY4, B1, B21, B23, B29, B33, H7

246 D2, D13, E1, E5, E9, ER1, ER4

LnB124 232 017, SY5, H1
226 YYS

228 K2, S6

244 B33, E9, ER29, H2

LnB2 250 ER1, ER16, ER20, ER35, 04, 012, YY3
238 ER12, ER24, H7

228 ER14, B26,5Y10

LnD5 89 SK4, D13, H1
103 E1, E9, ER15, ER24, H5, HU2, K4, SY9

LnA2 266 B25, B26, H2
248 A2, ER1, ER14, HB8B, K10, 04, 54, S6, SY9, YY1
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Coafficsznt

Figure 1. Dendrogram of genetic similarity among the analyzed bay laurel genotypes based on

SSR markers

Flow Cytometry Analysis

The flow cytometry analysis conducted in
the research show that the Nuclear DNA
content values varied between 5.91 (ER20)
and 6.34 (AY4), as shown in Table 6. As an
example histogram of peaks were given in
Figure 2. More similarities were observed on
the DNA content values of the genotypes

within the same location, compared to the
other genotypes of the population.

Discussion

Most of the genetic characterization
studies with the DNA markers of the
Lauraceae family have been conducted on
avocados (Mhameed et al., 1996; Mhameed et
al., 1997; Fiedler et al., 1998; Davis et al., 1998;
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Alcaraz and Hormaza, 2007; Borrone et al.,
2007; Acheampong et al., 2008), and rarely
have been conducted on bay laurel (Arroyo-
Garcia et al., 2001; Marzouki et al., 2009).

Furthermore, the research conducted on
genotypes of L. azorica, L. novocanariensis and
L. nobilis using RAPD (Random Amplified
Polymorphic DNA), ISSR (Inter Simple
Sequence Repeats) and isoenzyme molecular
markers showed that the ISSR molecular
markers demonstrate higher polymorphism
levels compared to the other markers.
Therefore it has been reported that it provides
more accurate genetic discrimination (Aboel-
Atta, 2009). Similarly, a study on 75 avocado
genotypes collected from different
geographical regions of Spain report that
especially the SSR markers have high
discriminatory power in genetic
characterization (Alcaraz and Hormaza, 2007).

Marzouki et al. (2009), reported that bay
laurel has a higher genetic differentiation than
the other angiosperm and stated that Laurus
nobilis L. may have a basic two gene pool,
Western (Tunisia, Algeria and France) and
Eastern Mediterranean (Turkey). For this
reason, it is very important to determine the
genetic characterization of Turkey's bay laurel
genetic resources and to protect their alleles.

Arroyo et al. (2010) scanned a total of 63
genotypes belonging to species of L. nobilis
and L. azorica with newly designated 20
polymorphic SSR markers. 196 alleles were
found in 37 genotypes belonging to the L.
nobilis species, with an average of 9,7 alleles
per primer. In the 26 genotypes belonging to
the L. azorica species, 222 alleles, with an
average of 14,8 alleles per primer were found.
The highest number of alleles in the research
in other plants such as olive (Bandelj et
al.,2004).

Nuclear DNA content value (2C DNA) of
Lauris nobilis L. (diploid) is reported to be
between 6.1 and 6.8 (Zonneveld et al., 2005;
Bennett and Leitch, 2011), which is similar to
results of the conducted research. This proved
that there is no polyploidy in the 95 bay laurel
genotypes. The  genetic  relationship
dendrogram showed heterogeneous
branching. Genotypes taken from the same

conducted by Arroyo et al. (2010) was
observed with 18 alleles in primer LnB106a for
L. nobilis, and the highest alleles with 26 alleles
in primers LnB116 and LnA2 for L. azorica. In
our research, LnA2 and LnB2 loci were
identified as the most polymorphic loci with
24 and 22 alleles, respectively. In this respect,
LnA2 locus is proved to have an effective
discrimination power in both L. azorica (Aroyo
et al., 2010) and L. nobilis L. genotypes.

In another study carried out in 66 laurel
genotypes collected from 7 different
Mediterranean locations, a total of 34 alleles
were detected in 4 polymorphic SSR, with a
mean of 9 alleles per primer (Marzouki et
al.,2009). In our study, a total of 82 alleles
were found in 95 genotypes taken from
different locations of the same province. The
average number of alleles was 16.4,
suggesting allele of Hatay province. The He
and Ho values of 5 SSR loci were determined
to be between 0.747 and 0. 937, and these
values were found to be similar to the He and
Ho values (0.729-0.995) from the study (Aroyo
et al. 2010) with the same locus.

In the presented study, triallelic pattern
was observed in some L. nobilis L. genotypes.
This condition, which is also determined in a
total of 4 SSR loci (LnB124, LnB2, LnD5 and
LnA2), can be attributed to the chimerism
seen in leaf layers (no plant polyploidy
condition) (Hocquigny, et al. 2004). Chimerism
refers to at least two genetically different cell
layers resulted from a mutation in the apical
meristem (Burge et al.,, 2002). The genetic
variation in these layers may cause more than
two alleles to be seen in the co-dominant SSR
locus. Triallelic SSR loci have also been found

locations generally showed alterations at
different levels of the dendrogram. Genetic
relationship dendrogram showed genetic
similarity of more than 55% in some
genotypes (AY4-AY3, B26-B10, BA13-BA9, SY3-
SY5, K12-K9) that grow in the same region.
However, although some genotypes grow in
different regions, they are observed to have
the highest genetic similarity in the
dendrogram, proving that there may be a
natural gene flow in the region.
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Table 6. Nuclear DNA content (picogram) of 95 bay laurel genotypes

No Genotype 2c-Value No Genotype 2c-Value No Genotype 2c-Value

1 A2 6.33 33 ER-6 6.28 65 K-1 6.21
2 AY3 6.16 34 ER-7 6.19 66 K-2 6.04
3 AY-4 6.36 35 ER-8 6.14 67 K-4 6.28
4 AY-5 6.19 36 ER-11 6.19 68 K-9 6.18
5 B-1 5.97 37 ER-12 6.10 69 K-10 6.25
6 B-4 6.24 38 ER-13 6.11 70 K-12 6.17
7 B-5 6.32 39 ER-14 6.15 71 0O-4 6.19
8 B-6 6.27 40 ER-15 6.18 72 0-6 6.17
9 B-10 6.22 41 ER-16 6.12 73 0-8 6.25
10 B-11 6.05 42 ER-17 6.28 74 0-9 6.24
11 B-21 6.00 43 ER-18 6.17 75 0O-12 6.19
12 B-23 6.18 44 ER-20 5.91 76 0-13 6.14
13 B-25 6.22 45 ER-22 6.25 77 0-17 6.17
14 B-26 6.17 46 ER-24 6.27 78 S-3 6.16
15 B-29 6.22 47 ER-26 6.16 79 S-4 6.21
16 B-30 6.14 48 ER-29 6.14 80 S-6 6.14
17 B-33 6.25 49 ER-35 6.24 81 S-7 6.12
18 B-34 6.15 50 ER-41 6.34 82 SY-2 6.23
19 BA-3 6.14 51 ER-42 6.30 83 SY-3 6.23
20 BA-9 6.23 52 H-1 6.18 84 SY-5 6.25
21 BA-13 6.22 53 H-2 6.17 85 SY-7 6.20
22 D-2 6.21 54 H-3 6.28 86 SY-9 6.26
23 D-13 6.35 55 H-5 6.24 87 SY-10 6.12
24 E-1 6.27 56 H-7 6.23 88 SK-3 6.16
25 E-5 6.24 57 H-11 6.14 89 SK-4 6.20
26 E-6 6.08 58 HB-7 6.10 90 YY-1 6.09
27 E-9 6.21 59 HB-8A 6.27 91 YY-2 5.96
28 E-10 6.20 60 HB-8B 6.13 92 YY-3 6.16
29 ER-1 6.14 61 HB-10 6.28 93 YY-5 6.03
30 ER-2 6.05 62 HB-11 6.25 94 YY-7 6.27
31 ER-3 6.11 63 HU-2 6.26 95 YY-8 6.28
32 ER-4 5.98 64 HU-3 6.33

Peak CV%

1 40.17

0 =
2 235
1
¢ 2

counts
a8

"0 20 e 400 60 820 1000
FL2 532-30

Figure 2. In histogram the following peaks are marked: 1-nuclei at G1 phase of internal
standart (Vicia sativa, 2C=3.65 pg DNA); 2-nuclei at G1 phase of laurel sample (E9)
Coefficient of variation value (CV %) of each peak are also given
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Because the success of natural or cultural
reproduction with cuttings are very low for
bay laurel plant, the variation seen in the
levels of genetic similarities depending on the
regions where the genotypes are grown is
thought to originate from hybridization due to
insect activities. The significance of the
variations among the genotypes carried out by
this study offers the importance of a detailed
examination and registration of the gene
resources in the Hatay region.

This is the first study, which performed
SSR analysis of 95 genotypes growing in Hatay
province of Turkey. Also this study is
important for the genetic characterization of
bay laurel genotypes with commercial value
and also for the identification and
preservation of bay laurel populations already
under threat. The significant difference among
the genotypes point out that new species can
be found in future studies.

Acknowledgement

This study was supported by Mustafa
Kemal University, Coordinatorship of Scientific
Research Projects (1103Y0110).

References

Aboel-Atta AMI, 2009. On the taxonomy of
Laurus L. (Lauraceae), evidence from
isozymes, RAPD and ISSR. Academic
Journal of Plant Sciences 2 (2): 82-91.

Acheampong AK, Akromah R and Ofori FA,
2008. Genetic characterization  of
Ghanaian avocados using microsatellite
markers. J. Am Soc Hortic Sci 133(6): 801-
809.

Alcaraz ML and Hormaza JI, 2007. Molecular
characterization and genetic diversity in an
avocado collection of cultivars and local
Spanish genotypes using SSRs. Hereditas
144 (6): 244-253.

Anonymous, 2014. Ormancilik istatistikleri
2012. Ankara, Tirkiye: Tirkiye istatsitik
Kurumu Matbaasi.

Anonymous, 2016. Defne Eylem Plani 2016-
2020. Ankara, Tiirkiye: Orman ve Su isleri
Bakanligl. Orman Genel Midurligu.

Arroyo-Garcia R, Martinez-Zapater M,
Fernandez Prieto JA and Alvarez-Arbesu R,

2001. AFLP evoluation of genetic similarity
among laurel populations (Laurus L.).
Euphytica 122: 155-164.

Arroyo JM, Rigueiro C, Rodriguez R, Hampe A,
Valido A, Rodriguez-Sanchez F and Jordano
P, 2010. Isolation and characterization of
20 microsatellite loci for laurel species
(Laurus, Lauraceae). Am J Bot 97: 26—-30.

Ayanoglu F, Kaya DA, Mert A and Kése E, 2013.
Determination of quality aspects and
selection of native grown laurel (Laurus
nobilis L.) in Hatay province of Turkey. The
First Mediterranean Symposium on
Medicinal and Aromatic Plants (MESMAP)
April 17-20, 2013. Gazimagosa, Turkish
Republic of Northern Cyprus. p. 59.

Bandelj D, Jakse J and Javornik B, 2004.
Assessment of genetic variability of olive
varieties by microsatellite and AFLP
markers. Euphytica 136: 93-102.

Baytop T, 1999. Tirkiye'de Bitkiler ile Tedavi,
Gecmiste ve Bugiin 2. Baski. istanbul,
Tirkiye: Nobel Tip Kitabevleri.

Bennett MD and Leitch 1J, 2011. Nuclear DNA
amounts in angiosperms: targets, trends
and tomorrow. Ann Bot 107: 467-590.

Borrone JW, Schnell RJ, Violi H and Ploetz C,
2007. Seventy microsatellite from Persea
americana Miller (avokado) express
sequence tags. Mol Ecol Notes 7: 439-444.

Bowcock AM, Ruiz—Linares A, Tomfohrde J,
Minch E, Kidd JR and Cavalli-Sforza LL,
1994. High resolution of human
evolutionary trees with polymorphic
microsatellites. Nature 368:455-457.

Burge GK, Morgan ER and Seelye JE, 2002.
Opportunities for synthetic plant chimeral
breeding: past and future. Plant Cell, Tissue
and Organ Culture 70: 13-21.

Ceylan A and Ozay N, 1990. Defne yapraklarin
(Folia lauri)'da ontogenetiksel kalite
arastirmasi. E.U.Z.F. Dergisi 27: 71-77.

Christenhusz MJM and Byng JW, 2016. The
number of known plants species in the
world and its annual increase. Phytotaxa
261 (3): 201-217.

Davis PH, 1982. Flora of Turkey, Vol. 7.
Edinburgh: Edinburgh University Press.
Davis J, Henderson D, Kobayashi M, Clegg MT

and Cleeg MT, 1998. Genealogical

-251-



Bulut ve ark., 2018 | MKU Ziraat Fakiiltesi Dergisi, 23(2):242-253

relationships among cultivated avocado as
revealed through RFLP analyses. J Hered
89:319-323.

Doyle JJ and Doyle JL, 1987. A rapid DNA
isolation procedure for small quantities of
fresh leaf tissue. Phytochemical Bulletin
19:11-15.

Fiedler J, Bufler G and Bangerth F, 1998.
Genetic relationships of avocado (Persea
americana Mill.) using RAPD markers.
Euphytica 101:249-255.

Galbraith DW, 2004. Cytometry and plant
sciences: A personal retrospective. Journal
of the International Society for
Advancement of Cytometry. 58A (1):37—-
44,

Heywood VH, 1978. Flowering Plants of the
World. Oxford University Press.

Hocquigny S, Pelsy F, Dumas V, Kindt S, Heloir
MC and Merdinoglu D, 2004.
Diversification within grapevine cultivars
goes through chimeric states. Genome
47(3): 579-589.

Kayacik H, 1977. Orman ve park agaglarinin
Ozel sistematigi: 2. Angiospermae (Kapal
Tohumlular). istanbul, Tirkiye: istanbul
Univ. Orman Fak. Yayinlari.

Kekelidze NA, Dzhanikashvili Ml and
Kutateladze VV, 1987. Dynamics of
accumulation and composition formation
of essential oil in Laurus nobilis L. leaves
during ontogenesis. Fiziol Biokhi Kult 19
(6): 607- 614.

Kihg A, Hafizoglu H, Kollmannsberger H and
Nitz S, 2004. Volatile constituents and key
odorants in leaves, buds, flowers and fruits
of Laurus nobilis L. ) Agr Food Chem 52:
1601-1606.

Kumar S, Singh J and Sharma A, 2003. Bay
Leaves. In: Peter, KV, Editor. Handbook of
Herbs and Spices. Vol. |. Abington
Woodhead Publishing Limited, pp. 52-61.

Kurt R, Karayilmazlar S, imren E and Cabuk Y,
2016. Tirkiye ormancilik sektoriinde odun
disi orman Urlnleri: ihracat analizi. Journal
of Bartin Faculty of Forestry, 18 (2): 158-
167.

Lefort F, Lally M, Thompson D and Douglas GC,
1998. Morfological traits microsatellite
fingerprinting and genetic relatedness of a

stand of elite oaks (Q. robur L.) at
Tuallynally, Ireland. Silvae Genet 47: 257-
262.

Marzouki H, Nasri N, Jouaud B, Bonnet C,
Khaldi A, Bouzid S and Fady B, 2009.
Population genetic structure of Laurus
nobilis L. inferred from transferred nuclear
microsatellites. Silvae Genet 58 (5—6): 270-
276.

Mhameed S, Sharon D, Hillel J, Lahav E,
Kaufman D and Lavi U, 1996. Level of
heterozygosity and mode of inheritance of
variable number of tandem repeat loci in
avocado.J Am Soc Hortic Sci 121: 778 - 782.

Mhameed S, Sharon D, Kaufman D, Lahav E,
Hillel J, Degani C and Lavi U, 1997. Genetic
relationships within avocado (Persea
americana Mill.) cultivars and between
Persea species. Theor Appl Genet 94: 279—
286.

Minch E, Ruiz-Linares A, Goldstein DB,
Feldman M and Cavalli-Sforza LL, 1995.
Microsat (version 1.4d): A computer
program for calculating various statistics
on microsatellite allele data. Stanford. CA,
USA:University of Stanford.

Paetkau D, Calvert W, Stirling | and Strobeck C,
1995. Microsatellite analysis of population
structure in Canadian polar bears. Mol Ecol
4:347-354,

Powell W, Morgante M, Andre C, Hanafey M,
Vogel J, Tingey S and Rafalski A, 1996. The
comparison of RFLP, RAPD AFLP and SSR
(microsatellite) markers for germplasm
analysis. Molecular Breeding 2(3): 225-238.

Rodilla JM, Tinoco MT, Morais JC, Gimenez C,
Cabrera R, Benito DM, Castillo L and
Gonzalez-Coloma A, 2008. Laurus
novocanariensis essential oil: Seasonal
variation and valorization. Biochem Syst
Ecol 36: 167-176.

Rodriguez-Sanchez F, Guzman B, Valido A,
Vargas P and Arroyo J, 2009. Late neogene
history of the laurel tree (Laurus L.,
Lauraceae) based on phylogeographical
analyses of Mediterranean and
Macaronesian populations. J Biogeogr 36:
1270-1281.

Rohlf FJ, 1988. NTSYS-PC:
Taxonomy and Multivariate

Numerical
Analysis

-252-



Bulut ve ark., 2018 | MKU Ziraat Fakiiltesi Dergisi, 23(2):242-253

System. Version 1.50. New York, USA:
Exeter publishing Ltd. & Applied
Biostatistics. Inc.

Ross 1A, 2001. Medicinal Plants of the World
Chemical Constituents, Traditional and
Modern Medicinal Uses. Vol., 2. New York,
USA: Springer Science+Business Media.

Sayyah M, Saroukhani G, Peirovi A and
Kamalinejad M, 2003. Analgesic and
antiinflammatory activity of the leaf
essential oil of Laurus nobilis Linn.
Phytotherapy Research 17: 733-736.

Sefc KM, Lefort F, Grando MS, Scott KD,
Steinkellner H and Thomas MR, 2001.
Microsatellite markers for grapevine: a
state of the art. In Molecular Biology &
Biotechnology of the Grapevine (pp. 433-
463). Springer Netherlands.

Selli F, Bakir M, inan G, Aygiin H, Boz Y, Yasasin
AS, Ozer C, Akman B, Séylemezoglu G,
Kazan K and Ergtl A, 2007. Simple
sequence repeat-based assessment of
genetic diversity in 'Dimrit' and 'Gemre'
grapevine accessions from Turkey. Vitis 46
(4): 182-187.

Simic M, Kundakovic T and Kovacevic N, 2003.
Preliminary assay on the antioxidative
activity of Laurus nobilis extracts.
Fitoterapia. 74 (6): 613-616.

Sneath PHA and Sokal RR, 1973. Numerical
taxanomy. San Francisco, CA: Freeman.
Suda J, Kyncl T and Freiova R, 2003. Nuclear
DNA amounts in Macaronesian
angiosperms. Ann Bot-London 92: 153-

164.

Safak | and Okan T, 2004. Kekik, defne ve cam
fistiginin  Uretimi ve pazarlamasi. Dogu
Akdeniz Ormancilik Arastirma Mudurliga,
DOA Dergisi (Journal of DOA) 10: 101-129.

Tuna M, Vogel KP, Arumuganathan K and Gill
KS, 2001. DNA content and ploidy
determination of bromegrass germplasm
accessions by flow cytometry. Crop Sci 41:
1629-1634.

Wagner HW and Sefc KM, 1999. Identity 1.0.
Centre for Applied Genetics, University of
Agricultural Science, Vienna.

Verdian-Rizi M, 2008. Phenological variation
of Laurus nobilis L. essential oil from Iran.
EJEAFChe 7: 3321-3325.

Zonneveld BJM, Leitch IJ and Bennett MD,
2005. First nuclear DNA amounts in more
than 300 angiosperms. Ann Bot-London 96:
229-244,

-253-



