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Abstract: Parsley (Petroselinum crispum Mill.) is a vegetable that has many benefits for human health,
and its cultivation is increasing. In order to carry out breeding studies in parsley, genotypes should
be characterized in terms of some characteristics. In this study, some phytochemical properties of
18 different parsley genotypes were revealed, and their genetic diversity was determined with the
iPBS (Inter Primary Binding Site) marker system. In the study, the polymorphism rate was 31.9%,
the mean PIC (Polymorphic Information Content) was 0.17, and the similarity coefficients were
between 0.87 and 0.99. The number of subpopulations was determined as two, and 10 markers were
detected at expression levels of 19–33% related to phytochemical properties. The results of this study
show that there is a phytochemical and genetic variation in parsley. Parsley genotypes with certain
phytochemical properties and genetic structures can be used more effectively in breeding programs.
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1. Introduction

Parsley is an important vegetable belonging to the Apiaceae family, which has been
widely consumed in many countries for over 2000 years. Parsley is a biennial herb but
is grown commercially as an annual herb in many parts of the world due to its edible
and aromatic leaves [1]. Apart from being consumed as food, parsley is also used in the
pharmaceutical, cosmetic, and perfume industries [2,3]. Parsley contains phenolic acids
and flavonoids that prevent oxidation stress significantly. It also has high apigenin, high
luteolin and, caffeic acid content, which may be beneficial for human health [4]. Parsley
is also rich in potassium, iron, ascorbic acid, vitamins, and essential oils [5]. Due to these
substances, the high antioxidant capacity of parsley is beneficial for human health by
delaying or preventing many diseases [2,6–9]. It has been reported that parsley can be used
to help treat people with Alzheimer’s, cardiovascular diseases, and thrombosis [10,11].
In addition, it is stated that regular consumption of parsley as a food or supplement can
reduce the effect of cancer [12,13].

There are three most common parsley subspecies: Petroselinum crispum ssp. tuberosum,
Petroselinum crispum ssp. crispum and Petroselinum crispum ssp. neapolitanum [14]. The
parts that can be dried, frozen, or consumed raw are usually the leaves. Therefore, flat leaf
(Petroselinum crispum ssp. neapolitanum) is the most widely cultivated parsley type. There
is considerable variation among parsley genotypes in characteristics such as morphology,
growth routine, flower color, stems, leaves, and chemical configuration [15]. Parsley is a
strong source of income, providing its producers with a steady income throughout the year.
Commercial parsley production is increasing day by day all over the world. Approximately
105.574 tons/year of parsley are grown in Turkey [16].

Genetic differences in plants can affect phytochemical properties [17]. Commercial-
ization of agricultural products, the widespread use of hybrid seeds, and monoculture
farming can cause genetic erosion and loss of genetic resources that may be beneficial in
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future demands. Generally, uncommercialized low–yield genotypes can better adapt to
unfavorable environmental conditions [18]. For these reasons, it is necessary to protect and
improve agricultural biodiversity. In recent years, considering global warming and other
abiotic stress factors, the necessity of protecting local genotypes has increased. Determining
the genetic relationships in the germplasm collection is of great importance for effective
breeding and germplasm maintenance. For this reason, it is important to determine the
genetic structures of plants. In general, studies on parsley have focused on its medicinal
and bioactive components. Genetic characterization studies that can lead to breeding
studies are insufficient.

Phytochemical and molecular markers can be used to determine genetic characteriza-
tion. Phytochemical parameters and DNA band profiles can show the variation between
genotypes at a sensitive level. DNA molecular markers can be obtained from plants at any
growth stage and are not affected by environmental or seasonal factors [19,20]. Different
marker techniques have been used successfully in vegetables to determine molecular charac-
terization [21–23]. Retrotransposons are an important source of plant genetic variation and
have large genomes [24]. Primers obtained using different retrotransposon sites are used as
a marker technique. One of these techniques, PCR–based iPBS (inter primary binding site),
is a technique with high reproducibility and polymorphism rate. DNA sequence informa-
tion is not required for the iPBS marker technique. There are studies on genetic diversity
with iPBS–retrotransposon markers [25,26]. Additionally, to our knowledge, molecular
genetic studies to detect genetic relationships between different parsley genotypes are
scarce. ISSR, SRAP, RAPD and, AFLP techniques were used in some studies [27–30]. The
iPBS technique has not been studied in parsley genotypes before. Our aim in this study is
to evaluate the genetic and phytochemical diversity of 18 local parsley genotypes in Turkey.
The data obtained in this study can be used in future breeding programs.

2. Materials and Methods
2.1. Plant Materials

The study was carried out in Hatay Mustafa Kemal University, Faculty of Agriculture,
Department of Horticulture, trial station and Genetics laboratory in 2022. A total of
18 parsley (P. crispum) genotypes (Table 1) were grown in pots under controlled greenhouse
conditions. Each genotype was grown in 3 pots and 4 replications, and according to widely
accepted recommendations. Seedlings were harvested at the stage with 10–15 cm length
and 5–8 leaves, and analyzes were carried out.

Table 1. Genotype codes and locations.

No Code Location No Code Location

1 HMKU–MA1 Hatay–Samandag 10 HMKU–MA10 Hatay–Arsuz
2 HMKU–MA2 Hatay–Samandag 11 HMKU–MA11 Hatay–Antakya
3 HMKU–MA3 Hatay–Samandag 12 HMKU–MA12 Hatay–Antakya
4 HMKU–MA4 Hatay–Samandag 13 HMKU–MA13 Osmaniye
5 HMKU–MA5 Hatay–Arsuz 14 HMKU–MA14 Osmaniye
6 HMKU–MA6 Hatay–Arsuz 15 HMKU–MA15 Osmaniye
7 HMKU–MA7 Hatay–Arsuz 16 HMKU–MA16 Kilis
8 HMKU–MA8 Hatay–Arsuz 17 HMKU–MA17 Osmaniye
9 HMKU–MA9 Hatay–Arsuz 18 HMKU–MA18 Hatay–İskenderun

2.2. Phytochemical Analysis

A total of seven phytochemical content analyzes were performed on parsley genotypes.
Total soluble solids (TSS, %) content was measured using a digital refractometer. Total acid
content (TA, % oxalic acid) was determined by potentiometric titration, and pH value was
determined by standard methods [31] with a digital pH meter. Photosynthetic parameters
were determined according to the method described by Holm [32] and Wettstein [33].
On 2 g of fresh sample mass, 15 mL of acetone was added in three steps; the samples
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were homogenized and filtered. The pigment extract was diluted with acetone to a final
volume of 25 mL. Chlorophyll and carotenoid amounts were calculated according to the
Holm–Wettstein equations, and the final results were expressed as mg/g.

Chlorophyll a = 9.784 × A662 − 0.990 × A644 (mg/L)

Chlorophyll b = 21.426 × A644 − 4.65 × A662 (mg/L)

Total chlorophyll = 5.134 × A662 + 20.436 × A644 (mg/L)

Total carotenoids = 4.695 × A440 − 0.268 × (chlorophyll a + b)(mg/L)

Statistical analysis of experimental data was performed using SPSS (Statistical Package
for the Social Sciences). Before the ANOVA analysis, all samples were tested for normal
distribution according to the Shapiro–Wilk test and Levene’s test. Tukey’s HSD test was
used to determine the significant difference between the means (p < 0.05). The results were
expressed as mean ± standard errors.

2.3. Genetic Analysis

Ten DNA samples were bulked for each application. Genomic DNA was extracted
from plants following the protocol of the cetyltrithylammnonium bromide (CTAB) method.
The amount and purity of DNA were measured using a 1% agarose gel in 1X TAE (Tris,
Acetic Acid, EDTA) buffer. Polymerase chain reaction (PCR) optimized 15 µL reactions
contained 50 ng template DNA, 10 nmol dNTPs, 10 nmol iPBS primer, 5 U Taq DNA
polymerase, and 1.5 µL of 10X polymerase chain reaction (PCR) buffer (50 mM KCl, 10 mM
Tris–HCl, 2.5 mM MgCl2 and pH 8.3). The PCR thermal cycling profile is as follows; initial
denaturation for 3 min at 95 ◦C, 38 cycles of 95 ◦C for 60 s, 50–60 ◦C for 60 s, 72 ◦C for 120 s,
and final extension at 72 ◦C for 10 min. PCR products were separated on 1.5% agarose gel
at 110 V for 5 h and visualized under UV light (Figure S1).

By using band data, some parameters of iPBS primers (number of bands, polymor-
phism ratio, polymorphic information content, etc.) were obtained. Using the GenAlEx
6.5 software, the number of different alleles, number of effective alleles, Shannon’s in-
formation index, haploid genetic diversity (H), and unbiased diversity were calculated.
Genetic similarity values between eighteen parsley genotypes were determined using
the Numerical Taxonomy Multivariate Analysis System (NTSYS) package program. The
genetic similarity coefficient was calculated according to the Dice method [34], and the
dendrogram showing the similarities between the individuals was obtained by the UPGMA
(Unweighted Pair Group Method with Arithmetic Mean) method. Principle Component
Analysis (PCA) was also conducted with the use of this matrix in NTSYS software.

Population structure was analyzed in STRUCTURE V2.3 for K values ranging from
1 to 10 [35,36]. Each running was repeated 5 times with 50,000 burn–in length. The most
likely population ancestor was determined by Evanno’s correction [37].

In addition, association mapping studies were performed on 18 parsley genotypes
using phytochemical and DNA data. The general linear model (General Linear Model–
GLM + (Q)), in which the Q matrix showing the population structure is used, was used in
the relationship mapping. The significance level between the marker and phenotypic traits
was calculated with the TASSEL 5.0 program [38] based on the p values and the F test. The
Q matrix showing the population structure used in the mapping was obtained from the
STRUCTURE program.

3. Results
3.1. Phytochemical Variations

TSS, TA, pH, and photosynthetic parameters were analyzed. In this study, TSS contents
were determined in the range of 2.32–5.34%. The mean TSS value in all genotypes was
determined as 4.43 ± 0.36. The highest value was determined in genotype 10 (5.34 ± 0.29),
and the lowest value was determined in genotype 13 (2.32 ± 0.41). TSS values obtained
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in genotype 10 are statistically significantly higher than in genotypes 3, 8, 9, 11, 12, 13, 14,
15, and 18. It can be said that parsley genotypes originating from “Osmaniye” have the
lowest TSS values. In this study, the total amount of acid was determined in the range of
1.04–2.59%. TA value was determined as 1.76 ± 0.02 in all genotypes. The lowest value
was determined in genotype 15 (1.04 ± 0.03), and the highest value was determined in
genotype number 1 (2.59 ± 0.01). TA value determined in genotype 1 originating from
“Hatay–Samandag” is significantly higher than other genotypes, and TA values determined
in genotype 15 originating from “Osmaniye” are significantly lower than other genotypes.
It can be said that parsley genotypes originating from “Osmaniye” have the lowest TA
values. The pH was determined between 5.67 and 5.87 and a mean of 5.79 ± 0.02 in all
genotypes. The smallest value was obtained in genotype 2 (5.67 ± 0.02), and the highest
value was obtained in genotype 8 (5.87 ± 0.02). Among the genotypes, pH values obtained
from genotypes 8, 1, 6, and 7 are significantly higher than other genotypes. The pH values
of genotype number 2 are significantly lower than all other genotypes (Table 2).

Table 2. Total soluble solids, total acid content, and pH of 18 parsley genotypes.

Genotype Total Soluble Solids (%) Total Acid Content (%) pH–Value

1 4.67 ± 0.34 ab 2.59 ± 0.01 a 5.86 ± 0.01 ab
2 4.31 ± 0.31 a–c 1.87 ± 0.01 f 5.67 ± 0.02 h
3 3.67 ± 0.32 b–d 2.21 ± 0.03 c 5.75 ± 0.01 ef
4 4.32 ± 0.33 a–c 2.11 ± 0.02 d 5.74 ± 0.03 ef
5 4.67 ± 0.28 ab 1.95 ± 0.01 ef 5.84 ± 0.02 bc
6 4.63 ± 0.41 ab 1.94 ± 0.03 ef 5.86 ± 0.01 ab
7 4.28 ± 0.34 a–c 1.97 ± 0.04 e 5.85 ± 0.01 ab
8 3.33 ± 0.30 c–e 1.54 ± 0.02 hi 5.87 ± 0.02 a
9 3.67 ± 0.34 b–d 1.62 ± 0.02 h 5.77 ± 0.01 e
10 5.34 ± 0.29 a 1.88 ± 0.02 ef 5.71 ± 0.02 g
11 3.00 ± 0.01 de 1.28 ± 0.02 jk 5.81 ± 0.02 cd
12 3.33 ± 0.32 c–e 1.34 ± 0.03 j 5.81 ± 0.02 cd
13 2.32 ± 0.41 e 1.53 ± 0.02 i 5.85 ± 0.02 ab
14 3.67 ± 0.27 b–d 1.22 ± 0.01 k 5.73 ± 0.02 fg
15 2.33 ± 0.35 e 1.04 ± 0.03 l 5.75 ± 0.02 ef
16 4.55 ± 0.53 ab 2.44 ± 0.02 b 5.80 ± 0.02 d
17 4.31 ± 0.56 a–c 1.74 ± 0.02 g 5.80 ± 0.02 d
18 4.01 ± 0.86 b–d 1.33 ± 0.01 j 5.81 ± 0.01 cd

Average 4.43 ± 0.36 1.76 ± 0.02 5.79 ± 0.02
Values followed by different lowercase letters in the column are significantly different based on the Tukey
test (5%).

Chlorophyll a values were determined between 0.48 ± 0.02 mg/g and 0.31–0.61 mg/g
on average. The highest value was determined in genotypes 1 and 11 (0.61), and the lowest
value was determined in genotype 3 (0.31 ± 0.01). Chlorophyll a values determined in
genotypes 1 and 11 were significantly higher than other genotypes except for genotypes
4 and 7. Chlorophyll a values determined in genotype number 6 are significantly lower
than other genotypes except 2, 10, and 18. Chlorophyll b values were determined between
0.28 ± 0.01 mg/g and 0.18–0.37 mg/g on average. The highest value was determined in
genotype 11 (0.37 ± 0.01), and the lowest value was determined in genotype number 3
(0.18 ± 0.01). The chlorophyll b value determined in genotype 11 is significantly higher
than the other genotypes. The chlorophyll b value determined in genotype number 3 is sig-
nificantly lower than other genotypes. Total chlorophyll values were determined between
0.76 ± 0.03 mg/g and 0.50–0.98 mg/g on average. The highest value was determined in
genotype 11 (0.98 ± 0.04), and the lowest value was determined in genotype number 3
(0.50 ± 0.02). Total chlorophyll value determined in genotype 11 is significantly higher
than other genotypes except for genotype 1. The total chlorophyll value determined in
genotype number 3 is significantly lower than in other genotypes. The total carotenoid
values were determined between 0.14 ± 0.01 mg/g and 0.10–0.18 mg/g on average. The
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highest value was determined in genotypes 1 and 11 (0.18), and the lowest value was deter-
mined in genotype 3 (0.10 ± 0.01). Total carotenoid values determined in genotypes 1 and
11 are significantly higher than other genotypes, and total carotenoid values determined in
genotype 3 are significantly higher than other genotypes except for genotypes 2, 13, 17, and
18 (Table 3).

Table 3. Chlorophyll a/b, total chlorophyll and total carotenoid content of 18 parsley genotypes.

Genotype Chlorophyll a
Content (mg/g)

Chlorophyll b
Content (mg/g)

Total
Chlorophyll

Content (mg/g)

Total
Carotenoid

Content (mg/g)

1 0.61 ± 0.01 a 0.33 ± 0.02 b 0.94 ± 0.03 ab 0.18 ± 0.02 a
2 0.42 ± 0.02 e–g 0.22 ± 0.01 f 0.65 ± 0.03 i 0.12 ± 0.01 de
3 0.31 ± 0.01 h 0.18 ± 0.01 g 0.50 ± 0.02 j 0.10 ± 0.01 e
4 0.57 ± 0.02 ab 0.31 ± 0.02 bc 0.88 ± 0.04 bc 0.14 ± 0.02 b–d
5 0.49 ± 0.03 cd 0.29 ± 0.02 b–d 0.78 ± 0.02 d–g 0.14 ± 0.02 b–d
6 0.37 ± 0.04 g 0.29 ± 0.02 b–d 0.66 ± 0.05 hi 0.13 ± 0.01 b–d
7 0.58 ± 0.03 ab 0.24 ± 0.01 ef 0.82 ± 0.04 c–f 0.15 ± 0.01 b
8 0.46 ± 0.02 de 0.28 ± 0.01 cd 0.74 ± 0.03 f–h 0.14 ± 0.01 b–d
9 0.54 ± 0.02 bc 0.30 ± 0.01 bc 0.84 ± 0.03 c–e 0.14 ± 0.02 b–d

10 0.40 ± 0.01 fg 0.24 ± 0.01 ef 0.64 ± 0.03 i 0.13 ± 0.01 b–d
11 0.61 ± 0.02 a 0.37 ± 0.01 a 0.98 ± 0.04 a 0.18 ± 0.01 a
12 0.45 ± 0.02 d–f 0.26 ± 0.02 d–f 0.71 ± 0.03 g–i 0.13 ± 0.01 b–d
13 0.45 ± 0.01 d–f 0.25 ± 0.01 d–f 0.71 ± 0.02 g–i 0.12 ± 0.01 c–e
14 0.54 ± 0.02 bc 0.32 ± 0.02 b 0.86 ± 0.02 cd 0.15 ± 0.02 bc
15 0.50 ± 0.03 cd 0.30 ± 0.01 bc 0.80 ± 0.03 c–f 0.14 ± 0.01 b–d
16 0.48 ± 0.02 cd 0.26 ± 0.03 de 0.75 ± 0.01 fg 0.14 ± 0.01 b–d
17 0.47 ± 0.02 de 0.30 ± 0.02 bc 0.77 ± 0.02 e–g 0.12 ± 0.01 de
18 0.40 ± 0.03 fg 0.23 ± 0.01 ef 0.63 ± 0.03 i 0.12 ± 0.01 de

Average 0.48 ± 0.02 0.28 ± 0.01 0.76 ± 0.03 0.14 ± 0.01
Values followed by different lowercase letters in the column are significantly different based on the Tukey
test (5%).

3.2. Genetic Diversity Analysis

In this study, 16 iPBS primers with the best amplification were used for genetic
characterization. A total of 181 bands and an average of 11.3 bands per primer were
obtained. There are a total of 65 polymorphic bands and an average of 4.1 polymorphic
bands per primer. The polymorphism rates of the primers ranged between 10 and 75%, and
the average polymorphism rate was 31.9%. The highest number of bands was obtained
from primers iPBS–2272 (17) and iPBS–2249 (17), while the lowest number of bands was
obtained from primer iPBS–2251 (7). The highest number of polymorphic bands was
detected in primer iPBS–2272 (11), and the lowest number of polymorphic bands in primer
iPBS–2246 (1). The highest polymorphism rate was obtained from iPBS–2239 (75%), and
the lowest polymorphism rate was obtained from iPBS–2246 (10%) primer (Table 4).

The band frequency was calculated as the highest in the iPBS–2219 primer (0.96) and
the mean 0.89. The number of distinct alleles was highest in the iPBS–2226 primer (1.82),
with an average of 1.51. The average number of effective alleles was 1.19, and the highest
was determined in the iPBS–2272 primer. The number of effective alleles was highest in
the iPBS–2272 primer (1.39), with a mean of 1.19. Shannon’s Information Index values are
0.20 on average and were found in the range of 0.05–0.36. Diversity and Unbiased diversity
mean values were determined as 0.12 and 0.13, respectively. Polymorphic information
content was determined between 0.03 and 0.41 with an average of 0.17. The highest PIC
value was obtained from iPBS–2272 primer (0.41), and the lowest PIC was obtained from
iPBS–2246 primer (0.03) (Table 5).
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Table 4. Primer name, primer sequence, numbers of bands, and percentage of polymorphism detected
by iPBS.

Primer Name Primer Sequence 5′–3′ Tm
◦C

Number of Bands % Rate of
Polym.Polym. Total

iPBS–2272 GGCTCAGATGCCA 46 11 17 64.7
iPBS–2277 GGCGATGATACCA 48 4 12 33.3
iPBS–2217 ACTTGGATGTCGATACCA 51 3 8 37.5
iPBS–2219 GAACTTATGCCGATACCA 51 3 10 30
iPBS–2222 ACTTGGATGCCGATACCA 54 4 11 36.4
iPBS–2226 CGGTGACCTTTGATACCA 54 5 11 45.5
iPBS–2228 CATTGGCTCTTGATACCA 51 4 12 33.3
iPBS–2230 TCTAGGCGTCTGATACCA 54 3 13 23.1
iPBS–2232 AGAGAGGCTCGGATACCA 56 3 10 30
iPBS–2239 ACCTAGGCTCGGATGCCA 58 6 8 75
iPBS–2243 AGTCAGGCTCTGTTACCA 54 2 14 14.3
iPBS–2244 GGAAGGCTCTGATTACCA 54 6 9 66.7
iPBS–2246 ACTAGGCTCTGTATACCA 51 1 10 10
iPBS–2249 AACCGACCTCTGATACCA 54 4 17 23.5
iPBS–2251 GAACAGGCGATGATACCA 54 2 7 28.6
iPBS–2252 TCATGGCTCATGATACCA 51 4 12 33.3

Total 65 181 574.6
Average 4.1 11.3 31.9

Table 5. Band frequency, number of different alleles (Na), number of effective alleles (Ne), Shannon’s
information index (I), diversity (h), unbiased diversity (uh), and polymorphic information content
(PIC) detected by iPBS.

Primer Band Freq. p q Na Ne I h uh PIC

iPBS–2272 0.71 0.71 0.29 1.71 1.39 0.34 0.22 0.24 0.41
iPBS–2277 0.87 0.87 0.13 1.33 1.22 0.19 0.13 0.14 0.19
iPBS–2217 0.92 0.92 0.08 1.38 1.15 0.14 0.09 0.09 0.13
iPBS–2219 0.96 0.96 0.04 1.30 1.09 0.11 0.07 0.07 0.07
iPBS–2222 0.91 0.91 0.09 1.36 1.20 0.20 0.13 0.14 0.15
iPBS–2226 0.75 0.75 0.25 1.82 1.37 0.36 0.23 0.24 0.37
iPBS–2228 0.93 0.93 0.07 1.75 1.15 0.22 0.12 0.13 0.13
iPBS–2230 0.91 0.91 0.09 1.31 1.10 0.12 0.07 0.08 0.13
iPBS–2232 0.88 0.88 0.12 1.80 1.28 0.29 0.18 0.19 0.21
iPBS–2239 0.91 0.91 0.09 1.75 1.20 0.23 0.14 0.14 0.16
iPBS–2243 0.97 0.97 0.03 1.14 1.08 0.08 0.05 0.05 0.06
iPBS–2244 0.93 0.93 0.07 1.78 1.17 0.23 0.13 0.14 0.14
iPBS–2246 0.98 0.98 0.02 1.10 1.04 0.05 0.03 0.03 0.03
iPBS–2249 0.90 0.90 0.10 1.24 1.09 0.09 0.05 0.06 0.12
iPBS–2251 0.90 0.90 0.10 1.57 1.22 0.23 0.14 0.15 0.17
iPBS–2252 0.89 0.89 0.11 1.75 1.24 0.26 0.16 0.17 0.19
Average 0.89 0.89 0.11 1.51 1.19 0.20 0.12 0.13 0.17

Similarity coefficients were calculated using DNA data in the NTSYS package pro-
gram. According to the DICE matrix, the similarity coefficient between the genotypes was
determined between 0.87 and 0.99. The highest similarity values (0.9913) were obtained
between genotypes 5 and 6. The most distant genotypes are genotypes 3 to 17, with a
similarity coefficient of 0.87. In addition, the similarity value between the 3–15, 8–18, 10–17,
11–17, 12–15, 12–17, 14–17, 15–18, and 17–18 genotypes was determined under 0.9. Two
main clusters occurred in the UPGMA dendrogram determined according to the Dice
similarity index. The similarity coefficient between the two main clusters is 0.92. There
were 13 genotypes in the first main cluster and five genotypes (8, 9, 13, 15, 17) in the second
main cluster. In the first main cluster, genotype 14 was separated from other genotypes.
The remaining genotypes consisted of three subsets. There are six genotypes (1, 2, 5, 6,
7, and 3) in the first subset, four genotypes (4, 10, 11, and 12) in the second subset, and
three genotypes (16, 18, and 14) in the third subset. The closest clustering genotypes are
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genotypes 5 to 6. Secondly, the genotypes closest to each other are genotypes 10 and 11
(Figure 1).
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Figure 1. Dendrogram obtained from UPGMA (Unweighted Pair-Group Method with Arithmetic
mean) cluster analysis using the Dice coefficient.

Two and three-dimensional graphics were obtained by performing PCA (Principal
Components Analysis) in the NTSYS program. In the two–dimensional PCA graph, it was
determined that the genotypes were grouped in three different clusters. There were six
genotypes in the first cluster, seven genotypes in the second cluster, and five genotypes in
the third cluster. Genotypes 10 and 12 are closest to each other. In the three–dimensional
PCA graph, genotypes are generally divided into two parts. The most closely located
genotypes are 10 and 11 (Figures 2 and 3). Genotypes 3 and 17 were located at the farthest
positions in the two–dimensional PCA (Figure 2), three–dimensional PCA and UPGMA
dendrograms (Figure 3).
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3.3. Population Structure

Analysis of population structure was performed using the Bayes method in Structure
software [35]. According to the Delta K values obtained using the Structure Harvester
program, the number of subpopulations is two (K = 2). In the data with two subpopulation
values, Mean LnP(K) value was calculated as –676.05, Standard deviation LnP(K) value was
6.26, Ln′(K) value was 74.91, |Ln”(K)| value was 113.47 and Delta K value was 18.10. In the
first subpopulation, the belonging values were determined between 0.056 and 0.889, and in
the second subpopulation, the belonging values were between 0.111 and 0.944. A genotype
can be unequivocally assigned to a subpopulation when the mixing coefficient (Qi) for that
subpopulation is >0.8 [39,40]. Genotypes with intermediate mixing coefficients (i.e., with
Qi < 0.8) are considered mixed. Among the genotypes, there are nine genotypes with a
belonging value above 0.8. Genotypes assigned to the first subpopulation are genotypes
15 and 17. Genotypes assigned to the second subpopulation are genotypes 1, 2, 5, 6, 7, and
10. The remaining nine genotypes are considered admixed (Figure 4).

3.4. Associating Mapping

In this study, the relationship between phytochemical data and 181 iPBS markers in
parsley was examined using the Tassel 5.0 program to create relationship mapping. In GLM
(Q) (General Linear Model) analysis, three markers associated with TCC, one associated
with TA, one associated with pH, two associated with chlorophyll a, two associated with
chlorophyll b, and three markers associated with total carotenoid were found to be associ-
ated at the p < 0.05 level. The correlation level (R) of TA with the iPBS–2226–1140 marker
was 33%, and the correlation level (R) of pH with the iPBS–2272–770 marker was deter-
mined as 24%. The level of association (R) of TCC ranged from 19% to 26%, and the
highest associated marker is iPBS–2239–420. The level of association (R) in chlorophyll a
ranged from 25% to 26%, and the highest associated marker is iPBS–2244–200. The level of
association (R) in chlorophyll b ranged from 27% to 28%, and the highest associated marker
is iPBS–2244–200. The same markers in chlorophyll a and chlorophyll b have similar levels
of association. The level of association (R) in total carotenoids ranged from 21% to 23%,
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and the highest associated marker is iPBS–2249–1080 (Table 6). The number of markers
with significant associations with six phytochemical properties is 10 out of a total of 181
markers. The markers iPBS–2228–450 and iPBS–2244–200 were associated with two traits
(chlorophyll a and chlorophyll b).
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Table 6. Associating mapping results for some characters using the GLM (General Linear Model).

Traits Marker p R

Total Soluble Solids iPBS–2239–420 0.008964 0.26
Total Soluble Solids iPBS–2243–400 0.028865 0.19
Total Soluble Solids iPBS–2251–330 0.028865 0.19

Total Acid iPBS–2226–1140 0.008191 0.33
pH iPBS–2272–770 0.045347 0.24

Chlorophyll a iPBS–2228–450 0.037363 0.25
Chlorophyll a iPBS–2244–200 0.037363 0.26
Chlorophyll b iPBS–2228–450 0.029188 0.27
Chlorophyll b iPBS–2244–200 0.029188 0.28

Total Carotenoid iPBS–2249–1080 0.041217 0.23
Total Carotenoid iPBS–2244–540 0.04448 0.22
Total Carotenoid iPBS–2272–850 0.048688 0.21

4. Discussion

As far as we know, phytochemical characterization studies on local parsley genotypes
are very few. iPBS marker studies and related marker identification studies have not been
performed before. Seven different parameters that can show the genetic characterization
of phytochemicals were examined. Total Soluble Solids contents are generally low in
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Apiaceae family members [41]. TSS values in the range of 2.32–5.34% determined in this
study are low, similar to some other studies [5,42,43]. Similar to previous studies [5], in
this study, a significant variation in TSS values were detected between parsley genotypes.
In this study, TA values were determined between 1.04 and 2.59, while pH values were
determined between 5.67 and 5.87 values. The pH value variation determined between
parsley genotypes is lower than TCC and TA. Chlorophyll a, chlorophyll b, and total
carotenoid values calculated in genotypes 1 and 11 in germplasm are higher than other
genotypes. The significant variation in chlorophyll and carotenoid values among parsley
genotypes grown under the same conditions may indicate that the genetic effect on these
traits may be important.

Sixteen primers were used in this study. This number of primers is higher than the
number of primers used in other studies [29,30]. In addition, the number of bands per
primer was determined as 11.3 in this study. This value is higher than those previously
determined in different marker techniques. Previously, the number of bands per primer
for ISSR techniques was calculated as 11 [27], 7.83 [30], and 8.12 [44]. Although the
number of bands per primer obtained in this study was higher than in the previous
ones, the number of polymorphic bands per primer was found to be lower than in some
studies [28,29]. However, a higher value (4.1) was obtained than the number of bands per
2.56 primers determined in the previous study examining Turkey genotypes [44]. These
results may indicate that iPBS primers can give more polymorphic bands than ISSR primers
in parsley genotypes. The lowest similarity coefficient was determined as 0.92 in the
UPGMA dendrogram obtained by using the Dice coefficient. This value is similar to the
similarity coefficient determined with ISSR primers by Coskun et al. [44]. While some
studies found less genetic similarity [28], genetic distance was greater in studies using
genotypes from different geographical areas [29,30].

The population structure of parsley was determined by Coskun et al. [44] with the
Structure program. In the previous study, it was determined that parsley genotypes
consisted of five subpopulations. In this study, two subpopulations were determined
in Structure analysis using data obtained with iPBS primers. Although more genotypes
were used than the number of genotypes used in the study of Coskun et al. [44], the low
number of subpopulations may be related to the primer technique used. No previous
association mapping studies have been performed on parsley. In this study, markers
associated with some physiological characteristics were determined, and associating rates
could be determined.

5. Conclusions

As a result of our study, it was determined that there was variation in the phytochemi-
cal parameters and genetic structure of the eighteen 18 parsley cultivars. However, genetic
diversity was found to be low. It has been concluded that iPBS markers can be used to
determine the genetic characterization of parsley genotypes. The data obtained indicate
that the Turkish parsley germplasm can serve as an important source of genetic material
for plant breeding and selection for the development of new varieties.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/horticulturae9030336/s1, Figure S1: Gel electrophoresis pattern
of iPBS amplification using primers iPBS-2222 and iPBS-2243.
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9. Arsenov, D.; Župunski, M.; Pajević, S.; Nemeš, I.; Simin, N.; Alnuqaydan, A.M.; Watson, M.; Aloliqi, A.A.; Mimica–Dukić, N.
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