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INTRODUCTION

Walnut (Juglans regia L.), a member of the Juglandaceae family, is a significant fruit species distinguished
by its broad ecological adaptability and high economic value (Martinez et al., 2010). Believed to have originated
in Central Asia, this species is now widely cultivated across various geographical regions around the world.
Particularly notable for its wide variation in morphological and agronomic traits such as fruit shape, size, shell
thickness and yield, walnut exhibits a high degree of genetic diversity. This diversity is of great importance for
local adaptation, disease tolerance and the development of high-quality products (Wani et al., 2016; Hayes et al.,
2016). Walnuts are consumed both fresh and dried, as well as in processed forms (e.g., walnut oil, walnut paste),
making them a valuable commodity in both domestic markets and international trade (Delaviz et al., 2017; Bernard
et al., 2018). In recent years, global trends toward healthy diets have led to a significant increase in walnut
production and consumption. Nutritional analysis of walnuts reveals that they are a rich source of high-quality
vegetable oils (up to 60%), proteins (15-20%), dietary fiber, vitamins (particularly vitamin E and B-group
vitamins) and minerals (such as potassium, magnesium and phosphorus). Furthermore, walnuts contain
considerable amounts of antioxidant compounds (including flavonoids, polyphenols and tocopherols), which
contribute to reducing oxidative stress and preventing chronic diseases. Owing to these properties, walnuts are
considered protective against cardiovascular diseases, diabetes and certain types of cancer (Vischi et al., 2017;
Giiney et al., 2021; Shah et al., 2023).
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Globally, walnut cultivation represents a major agricultural sector and Tiirkiye holds a significant position in
terms of both production volume and richness of genetic resources (Yildiz et al., 2021). Local walnut varieties that
have evolved through natural selection and farmer selection over centuries in various regions of Tiirkiye possess
high adaptive capacity against biotic and abiotic stress factors, owing to their genetic diversity. These local
varieties serve as valuable genetic resources for modern breeding programs due to their internal quality traits and
resilience (Yildiz et al., 2021). The conservation of local genotypes is crucial for sustainable walnut cultivation
and the preservation of biological diversity. In addition, these genotypes offer a competitive edge in both local and
international markets due to their unique flavor and aroma profiles (Tabasi et al., 2020; Yildiz et al., 2021; Xie et
al., 2025). Preserving the genetic diversity of local walnut (Juglans regia L.) populations is essential not only for
the sustainability of agricultural biodiversity but also for transmitting genetic resources to future generations and
enhancing agricultural resilience against environmental challenges such as climate change. In this context,
molecular characterization of local walnut genotypes plays a critical role in both conservation efforts and the
identification of genetic material for breeding. Today, molecular marker technologies are widely used for the
evaluation of plant genetic resources. Among these, the SCoT (Start Codon Targeted) markers have gained
prominence in recent years, as they target coding regions, offering high reproducibility and polymorphism rates,
thus serving as an effective tool for analyzing genetic diversity (El-Sheikh et al., 2020; Mahammadi et al., 2021;
Zhang et al., 2024). SCoT markers are designed based on the universal ATG start codons found in plant genomes
and provide information directly associated with functional regions of the genetic structure. Compared to random
markers such as ISSR and RAPD, SCoT markers offer greater specificity and reliability and they are advantageous
in reflecting genetic differences in phylogenetic relationships among varieties (Collard ve Mackill, 2009). SCoT
analyses conducted on walnut genotypes provide valuable insights into genetic diversity, population structure and
the identification of superior individuals. Such studies contribute to the conservation of genetic resources and
support the development of new cultivars with high yield potential, disease resistance and enhanced adaptability
to climate change (Pan et al., 2024; Zarinkolah et al., 2024). In this study, the genetic diversity of Juglans regia
L. germplasm, locally grown for many years in the Divrigi district of Sivas Province, was investigated using SCoT
marker groups. This research aims to reveal the genetic structure of local walnut varieties in the region and to
contribute to their conservation and use in future breeding programs.

MATERIALS AND METHODS

Plant Materials

Fresh leaves from 32 different walnut (Juglans regia L.) samples, belonging to germplasm that has long been
established and adapted to the natural flora of the Divrigi district in Sivas, were collected. Information regarding
the walnut samples is provided in Table 1.

Genomic DNA Isolation and PCR

DNA extraction from the leaves of walnut samples was performed using the CTAB protocol as described by
Doyle and Doyle (1990). The concentrations of stock DNA were measured using a MaestroNano Pro
spectrophotometer (MN913A, MaestroGen) and the DNA samples were subsequently diluted to a final
concentration of 5 ng/puL. The SCoT primers selected for PCR amplification and the corresponding PCR cycling
conditions are provided in Table 2. The PCR reaction mixture consisted of 4 pL. of DNA (20 ng), 1 pL of primer,
10 uL of PCR master mix (Eco Tech, Cat No: ETS5) and 10 pL of dH-0. For electrophoresis of the PCR products,
a 2% agarose gel prepared in Tris-borate-EDTA buffer was used. DNA bands were visualized under UV light. A
total of 36 SCoT primers were initially screened across the samples and 15 primers exhibiting polymorphic patterns
were selected for further analysis (Table 2).

Statistical Analysis

The bands obtained from the PCR analysis were scored as 1 for presence and 0 for absence. A dendrogram
based on Jaccard’s similarity coefficients was generated using the Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) in MVSP 3.22 software (Kovach, 2007). Application of MVSP 3.22 to the SCoT molecular data
enabled the construction of a genetic similarity matrix. In addition, Principal Component Analysis (PCA) was
performed using MVSP 3.22 to assess the genetic relationships among walnut populations.

RESULTS AND DISCUSSION

To determine the genetic relationships among walnut samples, 36 SCoT primers were initially screened in 10
samples and 15 primers exhibiting polymorphism were selected and applied to all samples.

A total of 136 bands were obtained from the 15 markers, of which 106 were polymorphic, with an average of
9.07 bands per primer. The SCoT markers yielded a polymorphism rate of 77.9%. In the UPGMA dendrogram
constructed based on SCoT data, 32 samples were clustered according to their genetic distance matrix (Figure 1).
According to the dendrogram, the lowest similarity (0.593) was observed between samples W6 and W26, while
the highest similarity was observed between W1 and W4 (0.970), followed by W4 and W5 (0.962) (Figure 1, Table
3).
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Table 1. Details of walnut populations used in the study

gzg(e)type Taxonomy Province Province | Longitude Latitude Altitude (m)
Wi Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W2 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'S3.1"E | 1150
W3 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
\ Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W5 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W6 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W7 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W38 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W9 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'S3.1"E | 1150
W10 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
Wil Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
WI12 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W13 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W14 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W15 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W16 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'S3.1"E | 1150
W17 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'S3.1"E | 1150
W18 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W19 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W20 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W21 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W22 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W23 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'S3.1"E | 1150
W24 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W25 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W26 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W27 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W28 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W29 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
W30 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'S3.1"E | 1150
W3l Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'S3.1"E | 1150
W32 Juglans regia L. | Sivas Divrigi 39°22'39.7"N 38°06'53.1"E | 1150
Table 2. SCoT primers used for PCR amplification
SCoT Primers Code DNA Sequences (5°-3°) Tm °C PCR Amplification
SCoT-6 CAACAATGGCTACCACGC 56
SCoT-14 ACGACATGGCGACCACGC 61
SCoT-15 ACGACATGGCGACCGCGA 61
SCoT-16 ACCATGGCTACCACCGAC 58
SCoT-17 ACCATGGCTACCACCGAG 58 94°C -3 min
SCoT-18 ACCATGGCTACCACCGCC 61 94 °C - 1 min
SCoT-19 ACCATGGCTACCACCGGC 61 48-55 °C 1 min
SCoT-21 ACGACATGGCGACCCACA 58 79 9C - 1 min
SCoT-23 CACCATGGCTACCACCAG 58 79 9C - 8 min
SCoT-26 ACCATGGCTACCACCGTC 58 35 cycles
SCoT-28 CCATGGCTACCACCGCCA 61
SCoT-31 CCATGGCTACCACCGCCT 61
SCoT-32 CCATGGCTACCACCGCAC 61
SCoT-34 ACCATGGCTACCACCGCA 58
SCoT-35 CATGGCTACCACCGGCCC 63
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Figure 1. UPGMA Dendrogram of Genetic Similarity Between SCoT Markers and 32 Walnut Genotypes.

Table 3. Pairwise Genetic Distance Matrix Obtained from 15 SCoT Primers.
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wi 1,000
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[w7 o778 |

1| 0,836 | 0811 | 0.7
1| 022 o, 742 T, 758 | O

7] 0882 | 1,000
753 | 0,767 | 0,782 | 1,000

PCA (Principal Component Analysis) is an important tool in genetic diversity studies because this analysis
helps us better understand the genetic structure of different genotypes and allows us to extract meaningful patterns
from large datasets. PCA groups genetic materials around specific components or key traits. This is particularly
useful for visually revealing similarities and differences between different species, varieties, or populations. By
using PCA plots, genetically similar genotypes can be placed in the same cluster, while larger distances can be
shown between different genotypes. By identifying the main components in genetic data, it facilitates the grouping
of genotypes with similar traits. Such analyses are useful in understanding genetic relationships between species
or varieties. PCA helps identify genetic resources that need to be conserved by analyzing genetic diversity between
different species or populations. Therefore, PCA is a valuable tool for genetic diversity studies because it analyzes
large amounts of data meaningfully, uncovers relationships and provides information that can be used in areas
such as biodiversity conservation, breeding and genetic resource management (Table 3, Figure 2) (Nachimuthu et
al., 2014). Based on the SCoT molecular data, a PCA plot as shown in Figure 2 was obtained using the MVSP
3.22 program. The analysis revealed a broad range of variation. The UPGMA dendrogram and PCA analysis were
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consistent with each other. The genetically closest and most distant genotypes were highlighted in the PCA plot.
PCA is widely used as an effective dimensionality reduction method for multivariate datasets (Mishra et al., 2017).
Numerous studies have been conducted by researchers to determine the genetic diversity of different walnut
genotypes. The findings obtained from this study align with similar studies. Tabasi et al. (2020) investigated the
relationship between genetic distance and geographical distance in 20 Iranian walnut populations, including 3 wild
and 17 cultivated populations, by using the discriminatory power of SCoT markers. The results showed that SCoT
markers have a strong discriminatory power and can effectively distinguish between the studied populations. This
marker can be used for evaluating genetic diversity, identifying genotypes and DNA fingerprinting of Iranian
walnut populations. Giiney et al. (2021) used 45 SSR markers to determine the genetic diversity of 91 Juglans
regia L. genotypes and identified 390 alleles. The average PIC value was calculated to be 0.68 and the genetic
distances were divided into five main groups using UPGMA, PCoA and Structure-based clustering methods.
Tenche-Constantinescu et al. (2024) created an inventory of 150 trees from five different populations and
molecular analyses revealed an average polymorphism rate of 49.44% using SCoT markers. Zarinkolah et al.
(2025) obtained a total of 166 bands using 16 SCoT primers, with 2 polymorphic bands from the SCoT-19 primer
and 19 polymorphic bands from the SCoT-15 primer. The average PIC value was 0.30 and PCA and AMOVA
results revealed a relatively high level of genetic diversity among the studied genotypes. Sagbas et al. (2023) used
20 SCoT markers in hawthorn genotypes and found PIC values ranging from 0.251 to 0.297. Jalilian et al. (2018)
used twelve SCoT primers in pear samples and calculated an average PIC value of 0.58. Seresht et al. (2023) used
SCoT markers in 50 pomegranate genotypes, with a PIC value of 0.39. In line with the results of similar studies,
it can be concluded that SCoT markers can provide valuable information regarding the genetic relationships among
walnut genotypes, which can be utilized in future walnut breeding and conservation programs.

PCA case scores
|

Axis 2
b

42 A > 25 Wis 17 08  Ws 08 A 17 25 33 42

Axs 1

Figure 2. According to SCoT Markers Pricipal Component Analyses of 32 Walnut Populations Using MVSP
3.22 Software (Kovach Computing Services, Pentraecth, Wales, UK)

CONCLUSION

In this study, the genetic diversity of some Juglans regia L. germplasm was analyzed using SCoT marker
groups. A polymorphism rate of 77.9% was obtained from 136 bands generated by 15 markers. The lowest genetic
similarity (0.593) was observed between the W6 and W26 samples, while the highest genetic similarity (0.970)
was found between the W1-W4 samples and (0.962) between the W4-WS5 samples. Principal Component Analysis
(PCA) revealed a homogeneous distribution and wide variation among the genotypes. The UPGMA dendrogram
and PCA analysis were consistent with each other. The SCoT analysis conducted on walnut genotypes provides
valuable information for determining genetic diversity levels, understanding population structure and selecting
individuals with superior traits. Such studies contribute not only to the conservation of genetic resources but also
to the development of new cultivars with high yield, disease resistance and enhanced adaptation to climate change
in future breeding programs. This study concludes that SCoT markers can provide useful insights into the diversity
among walnut genotypes and that these insights could be applied in future walnut breeding and conservation
programs.
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