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 Walnut (Juglans regia L.) is an important nut and timber tree species belonging 

to the family Juglandaceae. Iran ranks among the leading walnut-producing 

countries in the world, after the United States and China. Persian walnut is 

widely cultivated for its high-quality nuts and valuable wood. Due to its 

predominant seed propagation and outcrossing nature, walnut exhibits 

considerable genetic diversity, which can be exploited in breeding programs for 

crop improvement.  In the present study, genetic variability, and relationships 

among 13 promising walnut genotypes were evaluated at the Khorasan Razavi 

Agricultural and Natural Resources Research Center using three molecular 

marker systems: RAPD, ISSR, and SSR. Among the 15 RAPD, 10 ISSR, and 

15 SSR primers tested, 8 RAPD, 3 ISSR, and 6 SSR primers produced clear, 

reproducible, and scorable bands with a high level of polymorphism.  RAPD, 

ISSR, and SSR primers generated a total of 93 amplification products, of which 

76 were polymorphic. Genetic similarity based on RAPD, ISSR, and SSR 

markers ranged from 0.431 to 0.754, with a mean value of 0.592. A relatively 

moderate to high level of genetic diversity was observed between the Z30 and 

Ronde De Montignac genotypes. SSR analysis revealed 5 to 7 alleles per locus, 

all of which were polymorphic, while genetic similarity values ranged from 

0.123 to 0.571 with an average of 0.347.  Cluster analysis grouped all accessions 

into two major clusters with several subclusters, indicating considerable genetic 

variation among the studied genotypes. These findings provide useful 

information for walnut germplasm characterization, conservation, and future 

breeding programs. 
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Introduction 

Walnut (Juglans regia L.) belongs to the 

Juglandaceae family, and the genus Juglans 

comprises approximately 20 species with a 

chromosome number of 2n= 32 (Manning 1978; 

Stanford et al., 2000). Persian walnut is believed 

to have originated in the mountainous regions of 

Central Asia (Pollegioni et al., 2020). During the 

Wurm glaciations, walnut populations declined 

considerably in Southern Europe and Turkey but 

survived in refugial areas around the Black Sea 

and the Caspian Sea. Today, Persian walnut is 

widely cultivated for its high-quality edible nuts 

and as an important source of valuable timber 

(Hassani et al., 2020). 

Accurate identification and characterization of 

walnut genotypes are essential for effective 

germplasm conservation, clarification of 

synonymy and homonymy among cultivars, 
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prevention of mislabelling, improvement of 

breeding strategies, and protection of intellectual 

property rights. Persian walnut germplasm 

exhibits substantial morphological and genetic 

variability, largely due to its outcrossing 

reproductive system and long history of seed 

propagation. This diversity can be evaluated using 

morphological, cytological, biochemical, and 

molecular markers. Traditionally, morphological 

traits related to tree, leaf, flower, nut, and kernel 

characteristics have been widely used to describe 

and classify walnut germplasm. However, the 

expression of many morphological traits is 

strongly influenced by environmental conditions 

and the long juvenile period of walnut, which 

often limits the reliability of phenotype-based 

identification (Guney et al., 2021). 

Molecular markers provide a more reliable 

alternative because they allow the detection of 

genetic variation directly at the DNA level and 

can be applied at any stage of plant development. 

Over the past decades, several DNA-based 

marker systems have been used to investigate 

genetic diversity in walnut, including isozymes 

(Wang et al., 2008; Pollegioni et al., 2020; 

Bujdoso et al., 2021), restriction fragment length 

polymorphism (RFLP) (Fjellstrom et al., 1994), 

randomly amplified polymorphic DNA (RAPD) 

(Ahmed et al., 2012; Shah et al., 2019; Sevindik 

et al., 2023), inter-simple sequence repeats 

(ISSR) and simple sequence repeats (SSR) 

(Guney et al., 2021; Abbasi Holasou et al., 2023), 

amplified fragment length polymorphism (AFLP) 

(Kafkas et al., 2005; Bayazit et al., 2007; Xu et 

al., 2012; Vafadar Shamasbi et al., 2018), and 

single nucleotide polymorphisms (SNPs) 

(Ciarmiello et al., 2011; Wang et al., 2020). 

Among these, SSR markers are particularly 

valuable due to their high polymorphism, co-

dominant inheritance, reproducibility, and 

efficient detection through PCR amplification 

(Bashir et al., 2022). Microsatellite markers have 

been widely used to investigate genetic structure, 

population differentiation, and relationships 

among walnut cultivars worldwide (Shah et al., 

2018; Zhou et al., 2021; Li et al., 2023; Xiahou et 

al., 2023; Kamdem et al., 2024). Moreover, 

combining SSR markers with other marker 

systems such as RAPD and ISSR can provide a 

more comprehensive assessment of molecular 

diversity and genetic relationships within crop 

species (Ebrahimi et al., 2016; Mahood et al., 

2020; Joshi et al., 2020; Hussein et al., 2023). In 

breeding programs, the identification of 

genetically diverse and superior genotypes from 

available germplasm is essential for selecting 

appropriate parental combinations. Therefore, 

integrating molecular marker analysis with 

conventional evaluation approaches can 

significantly improve the efficient utilization and 

management of walnut genetic resources. 

In this study, thirteen walnut genotypes were 

selected from the available germplasm collection 

to represent the phenotypic and genetic diversity 

present within the population. These genotypes 

were chosen based on their morphological 

variation and their suitability for evaluating the 

effectiveness of different molecular marker 

systems. The main objective of this study was to 

assess the genetic diversity and relationships 

among J. regia genotypes cultivated in Khorasan 

Province, Iran, using three molecular marker 

systems: RAPD, ISSR, and SSR. 

Materials and Methods 

Plant material 

Thirteen J. regia genotypes, including eight 

seedlings, two domestic cultivars, and three 

foreign cultivars, were used in this study (Table 

1). These genotypes were specifically chosen to 

represent the range of morphological variation 

(e.g., nut size, shape, yield) and seedling versus 

cultivated backgrounds available in the Khorasan 

collection, allowing a comparative assessment of 

marker efficiency.  

The seedling genotypes (381, 74, 226, 227, 443, 

444, 339, and 340) originated from open 

pollination (J. regia × J. regia). Among these, 

genotypes 226 and 227 were derived from the 

K28 genotype, while 381, 74, 443, 444, 339, and 

340 were progenies of the K21 genotype. Two 

newly developed Iranian cultivars, Z63 (cv. 

Jamal) and Z30 (cv. Damavand), were also 

included, both of which were recently released by 

Iranian horticultural researchers. The foreign 

cultivars used in this study were Hartley, Ronde 

de Montignac (RdM), and Chandler. All 

genotypes were obtained from the Mashhad 

Agricultural Research Institute, Iran. 
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Table 1. Walnut (J. regia) genotypes used in this study. 

Genotypes Origin Descriptions Parentages 

381 Mashhad, Iran Seedling K21 

Z63* Karaj, Iran cultivar Introduced cultivar 

74 Mashhad, Iran Seedling K21 

227 Mashhad,Iran Seedling K28 

444 Mashhad,Iran Seedling K21 

443 Mashhad,Iran Seedling K21 

Hartley USA cultivar Foreign 

340 Mashhad,Iran Seedling K21 

339 Mashhad,Iran Seedling K21 

Z30* Karaj, Iran cultivar Introduced cultivar 

Ronde de Montignac (RdM) France cultivar Foreign 

226 Mashhad,Iran Seedling K28 

Chandler USA cultivar Foreign 

*=Z63 (Jamal) and Z30 (Damavand)  

 

DNA extraction and PCR amplification 

Young leaf samples were collected from 

individual trees, placed in an ice box, and 

transported to the laboratory. Genomic DNA was 

extracted on the same day using a modified 

cetyltrimethylammonium bromide (CTAB) 

method according to Dellaporta (Dellaporta et al., 

1983). DNA concentrations were measured 

spectrophotometrically at 260 nm using a 

NanoDrop 2000 spectrophotometer (Thermo 

Fisher Scientific, USA). DNA quality was further 

assessed by electrophoresis on a 0.8% agarose 

gel. 

DNA amplification was performed using RAPD, 

ISSR, and SSR markers. The specific primers and 

their sequences are presented in Table 2. All PCR 

reactions were carried out in a Primus thermal 

cycler in a final volume of 25 μL containing 10x 

PCR buffer, sterile MQ water, and 0.2 mM 

dNTPs, with specific variations in DNA template, 

primer concentrations, MgCl2, Taq DNA 

polymerase, and cycling profiles optimized for 

each marker type. 

For RAPD analysis (8 primers, CinnaGen, 

Tehran, Iran), the reaction mixture contained 

25ng DNA, 2 μM primer, 1.5 mM MgCl2, and 1U 

Taq polymerase. The thermal profile consisted of 

an initial denaturation at 94°C for 3 min, followed 

by 40 cycles of 94°C for 30 s, 38°C for 1 min, and 

72°C for 2 min, with a final extension at 72°C for 

10 min, then brought down to 4 ºC.  

For ISSR analysis (10 primers screened, 3 

analyzed), the mixture included 25 ng template 

DNA, 0.4 µM primer, 1.5 mM MgCl2, 0.2 mM, 

and 1U Taq polymerase. Cycling conditions were 

an initial denaturation at 94°C for 4 min, followed 

by 40 cycles of 94°C for 45 s, annealing at 38–

51°C for 1 min, and extension at 72°C for 2 min, 

ending with a final 6 min extension at 72°C. 

For SSR amplification, the reaction comprised 10 

ng DNA, 0.2 μM of each primer, 1.9 mM MgCl2, 

and 0.25U Taq polymerase. A touchdown PCR 

program was utilized: an initial denaturation at 

94°C for 5 min; 15 cycles of 94°C for 45 s, 58°C 

(decreasing by 0.2°C per cycle) for 45 s, and 72°C 

for 45 s; followed by 20 cycles of 94°C for 45 s, 

55°C for 45 s, and 72°C for 45 s, with a final 

extension at 72°C for 10 min. 

Following amplification, products of the 

dominant markers (RAPD and ISSR) were 

separated on 1.2% agarose gels, respectively, in 

0.5x TBE buffer for 2 h at 65V. The different 

agarose concentrations were utilized to optimally 

resolve the specific fragment size ranges 

generated by each technique. Upon completion, 

the gels were stained with ethidium bromide 

(0.05%) and visualized on a UV transilluminator. 

For the co-dominant SSR markers, PCR 

amplification was first confirmed by running 10 

μL of the product on a 2% agarose gel. To achieve 

the high resolution required for allele sizing, the 

products were subsequently resolved on 6% non-

denaturing polyacrylamide gels and visualized 

using silver staining. All raw gel images are 

available from the corresponding author upon 

reasonable request. 

Data analysis 

Distinct scoring methodologies were applied 

depending on the marker system. Band/allele 
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scoring was performed directly from clear and 

reproducible gels to ensure consistent fragment 

calling. The amplified fragments for the dominant 

markers (RAPD and ISSR) were scored as binary 

data (1 for presence, 0 for absence). The genetic 

associations for these markers were evaluated by 

calculating Jaccard’s similarity coefficient for 

pairwise comparisons based on the proportion of 

shared bands. The similarity matrix was subjected 

to Unweighted Pair Group Method with 

Arithmetic Mean (UPGMA) cluster analysis, and 

a dendrogram was generated using NTSYS-PC V. 

2.1 software. 

 

Table 2. RAPD, ISSR and SSR primer survey for determination of 13 walnut (J. regia) genotypes. 

Primer name Marker type Sequence (5′→3′) Total amplification fragments Polymorphic fragments 

R1 RAPD GTGACGTAGG 7 5 

R2 RAPD GTCCACACGG 10 8 
R3 RAPD TGCCGAGCTG 7 7 

R4 RAPD GGGACGTTGG 6 3 

R5 RAPD CATGACCGCC 3 1 
R6 RAPD GGGTAACGCC 3 1 

R7 RAPD TCGGCGATAG 4 4 

R8 RAPD AGGTGACCGT 3 2 
Total RAPD 

  
43 31 

P1 ISSR CTC-TCT-CTC-TCT-CTC-TA 4 2 

P2 ISSR CAC-ACA-CAC-ACA-CAC-AG 5 2 
P3 ISSR TGT-GTG-TGT-GTG-TGT-GA 4 2 

Total ISSR 
  

13 6 

WGA069 SSR AGA-TGC-ACA-GAC-CAA-CCC-TC 7 7 
WGA004 SSR TAA-GCC-AAC-ATG-GTA-TGC-CA 7 7 

WGA001 SSR CGC-GCA-CAT-ACG-TAA-ATC-AC 5 5 

WGA009 SSR CCA-TTG-CTC-TGT-GAT-TGG-G 6 6 
WGA118 SSR TGT-GCT-CTG-ATC-TGC-CTC-C 5 5 

WGA202 SSR CCC-ATC-TAC-CGT-TGC-ACT-TT 7 7 

Total SSR 
  

37 37 

 
Conversely, SSR markers were scored by 

recording the specific allele fragment sizes (bp) 

for each genotype. This size-based scoring 

allowed for the proper calculation of co-dominant 

variability parameters. The following parameters 

were estimated from the microsatellite data: 

effective number of alleles per locus (Ne = 1/Σpi
2, 

where pi is the frequency of the i-th allele); 

observed heterozygosity (H0, calculated as the 

number of heterozygous genotypes divided by the 

total number of genotypes); and the 

polymorphism information content (PIC). 

Results and Discussion 

In the present study, three molecular marker 

systems,  RAPD, ISSR, and SSR,  were employed 

to assess the genetic diversity and relationships 

among walnut genotypes. The integration of 

dominant (RAPD and ISSR) and codominant 

(SSR) markers provided a comprehensive 

evaluation of the genetic structure, as 

multi-marker approaches are recognized for 

offering complementary and reliable insights into 

germplasm variability. 

 

RAPED and ISSR genetic diversity 

During the RAPD screening stage, 15 custom-

designed 10-mer primers were evaluated across 

all genotypes. Among these, 8 primers produced 

clear and reproducible polymorphic amplification 

patterns (Table 2). A total of 43 bands were 

generated, of which 30 were polymorphic, 

corresponding to a polymorphism rate of 69.7%. 

The number of bands per primer ranged from 3 to 

10, averaging 5.37.  Genetic similarity coefficients 

among the 13 walnut genotypes varied from 0.526 

to 0.903. The highest similarity value (0.903) was 

observed between genotypes 340 and 339, 

indicating a close genetic relationship between 

these two genotypes. In contrast, the lowest 

similarity coefficient (0.526) was detected 

between genotypes 226 and 381, suggesting 

considerable genetic divergence.  The UPGMA 

dendrogram constructed from RAPD data 

grouped the genotypes into two main clusters 

(Fig. 1). Cluster I included Hartley, 340, 339, 

Z30, RdM, 226, and Chandler, whereas Cluster II 

comprised 381, Z63, 74, 227, 444, and 443. This 

clustering pattern indicates the presence of 
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substantial genetic variability within the studied 

germplasm. 

ISSR markers demonstrated higher 

reproducibility than RAPD, consistent with 

previous reports attributing this to longer primer 

length and higher annealing temperature (Goulao 

et al., 2001). In this study, three ISSR primers 

generated a total of 13 amplification bands, with 

an average of 4.3 bands per primer. Among these, 

eight bands were polymorphic, resulting in a 

polymorphism rate of 61.53% (Table 2).  Genetic 

similarity coefficients derived from ISSR data 

ranged from 0.500 to 0.920. The highest 

similarity value (0.920) was observed between 

genotypes 444 and 443, indicating strong genetic 

relatedness. Conversely, the lowest similarity 

coefficient (0.500) was found between genotypes 

74 and Chandler, suggesting significant genetic 

differentiation.  The ISSR-based UPGMA 

dendrogram also separated the genotypes into two 

major clusters (Fig. 2). Cluster I consisted of 

Hartley, 381, 340, Z63, and 74, whereas Cluster 

II included 339, Z30, 226, 227, 444, 443, 

Chandler, and RdM. 

 

 
Fig. 1. Dendrogram showing relationship between 13 different walnut (J. regia) genotypes/cultivars based on RAPD 

analysis using UPGMA.  
 

 
Fig. 2. Dendrogram showing relationship between 13 different walnut (J. regia) genotypes/cultivars based on ISSR 

analysis using UPGMA. 
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The polymorphism levels observed for RAPD 

(69.7%) and ISSR (61.53%) indicate a 

considerable degree of genetic variability among 

the studied walnut genotypes. However, these 

values are slightly lower than those reported in 

some previous studies. For instance, Sevindik et 

al. reported polymorphism rates of 74.54% for 

RAPD and 70.58% for ISSR in Turkish walnut 

populations. Similarly, Dogan (Dogan et al. 2014) 

reported polymorphism levels of 71.1% and 

69.1% for RAPD and ISSR markers, respectively, 

in an analysis of 59 walnut genotypes. Such 

differences may be attributed to variations in the 

genetic background of the studied populations, 

differences in geographic origin, and the specific 

primers used in each study. Nevertheless, the 

reproducibility observed in ISSR markers 

confirms their reliability for assessing genetic 

diversity in walnut germplasm. 

SSR allelic diversity 

Microsatellite (SSR) analysis was conducted 

using 15 primer pairs, of which six successfully 

amplified polymorphic loci across the studied 

genotypes (Table 2). A total of 37 alleles were 

detected, with the number of alleles per locus 

ranging from 5 to 7 and an average of 6.1 alleles 

per locus. The amplified fragments ranged in size 

from 144 to 250 bp, and all loci exhibited 100% 

polymorphism.  The UPGMA dendrogram 

generated from SSR data separated the genotypes 

into two clusters (Fig. 3). Cluster I was further 

divided into two subclusters: the first included 

Hartley, Rdm, 340, 339, and Z30, whereas the 

second comprised genotypes 226, 227, 443, 444, 

381, 74, and Chandler. Cluster II contained only 

genotype Z63, suggesting that this genotype is 

genetically more distinct compared with the 

others. 

 

 
Fig. 3. Dendrogram showing relationship between 13 different walnut (J. regia) genotypes/cultivars based on SSR 

analysis using UPGMA. 

 

Genetic diversity parameters calculated for the six 

microsatellite loci are presented in Table 3. SSR 

loci with a higher number of alleles generally 

exhibited higher heterozygosity values, indicating 

their strong discriminatory potential. 

Discriminatory power of SSR markers 

The PIC values calculated for the SSR loci ranged 

from 0.6847 to 0.8020, with an overall mean 

value of 0.7468. The highest PIC value was 

recorded for locus WGA202 (0.8020), indicating 

its high discriminatory power for distinguishing 

walnut genotypes. In contrast, locus WGA009 

showed the lowest PIC value (0.6847), although 

it still demonstrated substantial informativeness. 

SSRs, due to their hypervariability, high 

reproducibility, Mendelian inheritance, and 

co-dominant expression, are ideal for parentage 

analysis and fine-scale genotyping (Streiff et al., 

1999; Bashir et al., 2022). 
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Table 3. Genetic diversity parameters estimated for six microsatellite primers in 13 walnut (J. regia) genotypes. 

Primer Major allele frquency No. of obs. Allele No GeneDiversity Heterozygosity PIC 

WGA 069 0.2500 10.0000 7.0000 0.8050 1.0000 0.7769 

WGA004 0.2692 13.0000 7.0000 0.7988 1.0000 0.7703 

WGA 001 0.3333 12.0000 5.0000 0.7326 0.3333 0.6847 

WGA009 0.2727 11.0000 6.0000 0.7934 0.9091 0.7620 

WGA118 0.4231 13.0000 5.0000 0.7249 0.7692 0.6848 

WGA202 0.2308 13.0000 7.0000 0.8254 1.0000 0.8020 

Mean 0.2965 12.0000 6.1667 0.7800 0.8353 0.7468 

 

As observed in other species, their high 

polymorphism levels positively influence identity 

and exclusion probabilities (He et al., 2002; 

Dwiningsih et al., 2020; Achard et al., 2020; 

Enyew et al., 2022). Comparable results have 

been documented by Ahmed et al. in 82 walnut 

genotypes from the North Western Himalayan 

region of Jammu and Kashmir, India, using 13 

SSR and 20 RAPD primers. A high level of 

genetic diversity was observed, with alleles per 

locus ranging from 1 to 5 for SSR primers and 2 

to 6 for RAPD primers. The proportion of 

polymorphic loci was 100%, with similarity 

ranging from 12% to 79%, averaging 49% 

(Ahmed et al., 2012). This high level of 

polymorphism probably reflects the outcrossing 

nature of walnut, since similar results have been 

obtained using a combination of SSR and RAPD 

markers in other crops (Pandey et al., 2021; 

Akshitha et al., 2022). Among the three marker 

systems evaluated in this study, SSR markers 

proved to be the most informative and reliable for 

assessing genetic diversity. The high number of 

detected alleles and the 100% polymorphism rate 

highlight the strong potential of SSR markers to 

reveal genetic variation. These findings are 

consistent with previous studies, including Dogan 

(Dogan et al. 2014), who reported a 

polymorphism rate of 99.1% and high allelic 

diversity for SSR markers in walnut. The high 

level of polymorphism detected by SSR markers 

is mainly attributed to their codominant 

inheritance and their ability to detect multiple 

alleles at a single locus, particularly in highly 

heterozygous and outcrossing species such as J. 

regia. 

Relationships Among Walnut Genotypes 

The combined molecular data provided a clear 

resolution of genetic relationships among the 

studied walnut genotypes. Genetic similarity 

coefficients derived from SSR analysis ranged 

from 0.431 to 0.754, indicating moderate to high 

levels of genetic diversity within the germplasm. 

The UPGMA dendrogram based on SSR data 

separated the genotypes into two major clusters, 

each further subdivided into distinct subclusters 

(Fig. 4). The first main cluster contained two 

subclusters: the first including Hartley, RdM, 339, 

340, and Z30, while the second included 

genotypes 226 and Chandler. The second main 

cluster also consisted of two subclusters, 

comprising genotypes 443, 444, 227, and 381 in 

one group and genotypes 74 and Z63 in the other.  

Notably, Hartley and Chandler were grouped 

within the same main cluster and exhibited a 

similarity coefficient of 0.583, indicating a 

moderate level of genetic relatedness between 

these widely cultivated cultivars.  

Several Mashhad genotypes, including Hartley, 

Z30, RdM, 340, 339, 226, and Chandler, tended 

to cluster together, suggesting relatively close 

genetic relationships among these genotypes. 

However, some Mashhad genotypes such as 339, 

340, and 226 showed a certain degree of genetic 

differentiation from other genotypes, highlighting 

the presence of valuable intra-population 

diversity. 

The clustering pattern observed in this study may 

reflect both the evolutionary history and 

geographic origin of the studied germplasm. 

Similar relationships between genetic structure 

and geographic distribution have been reported in 

previous large-scale walnut studies. Bernard et al. 

(2018), using PCoA and STRUCTURE analyses 

on 253 walnut accessions, demonstrated a clear 

separation of global walnut populations into 

Eastern Europe/Asia and Western 

Europe/Americas. Similarly, Dogan et al. (2014) 

observed clustering patterns largely associated 

with geographic origin among Turkish and 

international walnut cultivars. 
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Fig. 4. Dendrogram showing relationship between 13 different walnut (J. regia) genotypes/cultivars based on 

combined RAPD, ISSR, and SSR analysis using UPGMA. 

 

The results of this study confirm that different 

molecular marker systems vary in their efficiency 

for revealing genetic diversity, depending on 

factors such as reproducibility, cost, speed, and 

information content. RAPD markers provide 

rapid and cost-effective screening of genetic 

diversity, while ISSR markers offer improved 

reproducibility. In contrast, SSR markers provide 

the highest level of informativeness due to their 

codominant inheritance and high allelic diversity. 

Although UPGMA clustering revealed genetic 

relationships, we acknowledge that additional 

analyses such as AMOVA, PCoA, and 

STRUCTURE would provide deeper insights into 

population differentiation. These are planned for 

future studies with larger sample sizes 

Overall, SSR and ISSR assays were more reliable 

than RAPD markers for walnut germplasm 

characterization, with SSR providing the highest 

resolution for distinguishing closely related 

genotypes. The considerable genetic diversity 

observed among the studied walnut genotypes is 

consistent with the biological characteristics of J. 

regia, particularly its outcrossing reproductive 

system. These findings emphasize the importance 

of comprehensive molecular characterization for 

effective germplasm conservation and for the 

selection of genetically diverse parental 

genotypes in future walnut breeding programs. 

Conclusion 

This study demonstrated that the combined use of 

RAPD, ISSR, and SSR markers provides a 

comprehensive and reliable assessment of genetic 

diversity in walnut (J. regia L.). All three marker 

systems revealed considerable polymorphism, 

with SSRs exhibiting the highest discriminatory 

power due to their co-dominant inheritance and 

high allelic richness. The clustering patterns 

showed clear genetic differentiation among the 

studied genotypes, highlighting the presence of 

valuable diversity within the germplasm. 

Genotypes such as Z63 and 381 displayed distinct 

genetic profiles and may represent promising 

candidates for future breeding, conservation, and 

core collection development. Overall, the 

findings emphasize the importance of integrating 

multiple molecular markers for effective 

germplasm characterization and for guiding 

strategic walnut breeding programs. 

Acknowledgements  

This research was supported by the Khorasan-

Razavi Agricultural and Natural Resources 

Research Center. The authors would also like to 

thank the Director of KANRRC for helpful 

information. 

Conflict of interests  

The authors declare no conflict of interest.  

Reference 

Abbasi Holasou, H., Mohammadzadeh Jalaly, H., 

Mohammadi, R., & Panahi, B. (2023). Genetic 

diversity and structure of superior spring frost 

tolerant genotypes of Persian walnut (Juglans 

Coefficient

3.87 4.40 4.93 5.46 5.99

          

 hartley 

 340 

 339 

 z30 

 Rdm 

 226 

 chandler 

 381 

 227 

 443 

 444 

 z63 

 74 



Karimi Shahri et al., J Genet Resour, 2026; 12(1): 53-63 

61 

regia L.) in East Azerbaijan province of Iran, 

characterized using inter simple sequence 

repeat (ISSR) markers. Genetic Resources and 

Crop Evolution, 70(2):539-548. 
https://doi.org/10.1007/s10722-023-01636-2  

Achard, F., Butruille, M., Madjarac, S., Nelson, 

P. T., Duesing, J., Laffont, J. L., ... & Smith, J. 

S. C. (2020). Single nucleotide 

polymorphisms facilitate distinctness‐

uniformity‐stability testing of soybean 

cultivars for plant variety protection. Crop 

Science, 60(5), 2280-2303. 
https://doi.org/10.1002/csc2.20218 

Ahmed, N., Mir, J.I., Mir, R.R., Rather, N.A., 

Rashid, R., Wani, S.H., Shafi, W., Mir, H., & 

Sheikh, M.A. (2012). SSR and RAPD analysis 

of genetic diversity in walnut (Juglans regia 

L.) genotypes from Jammu and Kashmir, 

India. Physiology and Molecular Biology of 

Plants, 18(2):149-160. 
https://doi.org/10.1007/s12298-011-0089-5 

Akshitha, H. J., Prasath, D., Umesha, K., 

Mohammed Faisal, P., & Venkataravanappa, 

V. (2022). Molecular characterization of 

ginger genotypes using RAPD and SSR 

markers. Journal of Horticultural Sciences, 

17(1), 95-102. 
https://doi.org/10.24154/jhs.v17i1.1052 

Bashir, M.H., Afzal, M., Nawaz, M.S., Khan, 

A.Z., Aziz, S., Ullah, F., & Qasim, M. (2022). 

Characterization and advancement of 

microsatellite (SSR) markers for various 

stresses in wheat. International Journal of 

Agriculture and Biosciences,11(2),131-138. 
https://doi.org/10.47278/journal.ijab/2022.018 

Bayazit, S., Kazan, K., Gulbitti, S., Çevik, V., 

Ayanoglu, H., & Ergul, A. (2007). AFLP 

analysis of genetic diversity in low chill 

requiring walnut (Juglans regia L.) genotypes 

from Hatay, Turkey. Scientia Horticulturae, 

111,394-398. 
https://doi.org/10.1016/j.scienta.2006.11.002 

Bernard, A., Barreneche, T., Lheureux, F., 

Dirlewanger, E. (2018). Analysis of genetic 

diversity and structure in a worldwide walnut 

(Juglans regia L.) germplasm using SSR 

markers. PLoS one ,13(11), e0208021. 
https://doi.org/10.1371/journal.pone.0208021 

Bujdoso, G., & Cseke, K. (2021). The Persian 

(English) walnut (Juglans regia L.) assortment 

of Hungary: Nut characteristics and origin. 

Scientia Horticulturae, 283, 110035. 
https://doi.org/10.1016/j.scienta.2021.110035 

Ciarmiello, L.F., Piccirillo, P., Pontecorvo, G., 

Luca, A.D., Kafantaris, I., & Woodrow, P. 

(2011). A PCR based SNPs marker for specific 

characterization of English walnut (Juglans 

regia L.) cultivars. Molecular Biology 

Reports, 38, 1237-1249. 
https://doi.org/10.1007/s11033-010-0143-y 

Dellaporta, S. L., Wood, J., & Hicks, J. B. (1983). 

A plant DNA minipreparation: version II. 

Plant Molecular Biology Reporter, 1(4), 19-

21. https://doi.org/10.1007/BF02712670  

Dogan, Y., Kafkas, S., Sütyemez, M., Akça, Y., 

& Türemiş, N. (2014). Assessment and 

characterization of genetic relationships of 

walnut (Juglans regia L.) genotypes by three 

types of molecular markers. Scientia 

Horticulturae, 168, 81-87. 
http://dx.doi.org/10.1016/j.scienta.2014.01.024 

Dwiningsih, Y., Rahmaningsih, M., & Alkahtani, 

J. (2020). Development of single nucleotide 

polymorphism (SNP) markers in tropical 

crops. Advance Sustainable Science, 

Engineering and Technology, 2(2), 343558. 
https://doi.org/10.26877/asset.v2i2.6279  

Ebrahimi, A., Zarei, A., Lawson, S., Woeste, K. 

E., & Smulders, M. J. M. (2016). Genetic 

diversity and genetic structure of Persian 

walnut (Juglans regia) accessions from 14 

European, African, and Asian countries using 

SSR markers. Tree Genetics and Genomes, 

12(6), 114. https://doi.org/10.1007/s11295-016-

1075-y  
Enyew, M., Feyissa, T., Carlsson, A. S., Tesfaye, 

K., Hammenhag, C., & Geleta, M. (2022). 

Genetic diversity and population structure of 

sorghum [Sorghum bicolor (L.) moench] 

accessions as revealed by single nucleotide 

polymorphism markers. Frontiers in Plant 

Science, 12, 799482. 
https://doi.org/10.3389/fpls.2021.799482 

Fjellstrom, R. G., Parfitt, D. E., & McGranahan, 

G. H. (1994). Genetic relationships and 

characterization of Persian walnut (Juglans 

regia L.) cultivars using restriction fragment 

length polymorphisms (RFLPs). Journal of the 

American Society for Horticultural Science, 

119(4), 833-839. 
https://doi.org/10.21273/JASHS.119.4.833 

Goulao, L., Cabrita, L., Oliveira, C.M., & Leitao, 

J.M. (2001). Comparing RAPD and AFLP 

https://doi.org/10.1007/s10722-023-01636-2
https://doi.org/10.1002/csc2.20218
https://doi.org/10.1007/s12298-011-0089-5
https://doi.org/10.24154/jhs.v17i1.1052
https://doi.org/10.47278/journal.ijab/2022.018
https://doi.org/10.1016/j.scienta.2006.11.002
https://doi.org/10.1371/journal.pone.0208021
https://doi.org/10.1016/j.scienta.2021.110035
https://doi.org/10.1007/s11033-010-0143-y
https://doi.org/10.1007/BF02712670
http://dx.doi.org/10.1016/j.scienta.2014.01.024
https://doi.org/10.26877/asset.v2i2.6279
https://doi.org/10.1007/s11295-016-1075-y
https://doi.org/10.1007/s11295-016-1075-y
https://doi.org/10.3389/fpls.2021.799482
https://doi.org/10.21273/JASHS.119.4.833


Karimi Shahri et al., J Genet Resour, 2026; 12(1): 53-63 

62 

analysis in discrimination and estimation of 

genetic similarities among apple (Malus 

domestica Borkh.) cultivars. Euphytica, 199, 

259270. 
https://doi.org/10.1023/A:1010385608668 

Guney, M., Kafkas, S., Keles, H., 

Zarifikhosroshahi, M., Gundesli, M. A., 

Ercisli, S., ... & Bujdoso, G. (2021). Genetic 

diversity among some walnut (Juglans regia 

L.) genotypes by SSR markers. Sustainability, 

13(12), 6830. 
https://doi.org/10.3390/su13126830  

Hassani, D., Sarikhani, S., Dastjerdi, R., 

Mahmoudi, R., Soleimani, A., & Vahdati, K. 

(2020). Situation and recent trends on 

cultivation and breeding of Persian walnut in 

Iran. Scientia Horticulturae, 270(3), 109369. 
https://doi.org/10.1016/j.scienta.2020.109369  

He, T., & Smouse, P. E. (2002). Paternity analysis 

in Ophiopogon xylorrhizus Wang et Tai 

(Liliaceae sl): selfing assures reproductive 

success. Journal of Evolutionary Biology, 

15(3), 487- 494. 
https://doi.org/10.1046/j.14209101.2002.00393.x 

Hussein, M.A., Eid, M., Rahimi, M., Filimban, 

Hussein, M. A., Eid, M., Rahimi, M., 

Filimban, F. Z., & Abd El-Moneim, D. (2023). 

Comparative assessment of SSR and RAPD 

markers for genetic diversity in some Mango 

cultivars. PeerJ, 11, e15722. 
https://doi.org/10.7717/peerj.15722  

Joshi, B.K., Joshi, D., & Ghimire, S.K. (2020). 

Genetic diversity in finger millet landraces 

revealed by RAPD and SSR markers. Nepal 

Journal of Biotechnology, 8(1), 1-11. 
https://doi.org/10.3126/njb.v8i1.30204  

Kafkas, S., Ozkan, H., & Sutyemez, M. (2005). 

DNA polymorphism and assessment of 

genetic relationships in walnut genotypes 

based on AFLP and SAMPL markers. Journal 

of the American Society for Horticultural 

Science, 130(4), 585-590. 
https://doi.org/10.21273/JASHS.130.4.585 

Kamdem, N.G., Sergeant, S., Vercruysse, C., 

Deblauwe, V., Sonké, B., & Hardy, O.J. 

(2024). Development and characterization of 

nuclear microsatellite markers for the African 

walnut Coula edulis Baill (Coulaceae). 

Molecular Biology Reports, 51(1), 438. 
https://doi.org/10.1007/s11033-024-09373-0  

Li, X., Wang, X., Cui, Z., Shi, W., Huang, J., & 

Wang, J. (2023). Development of polymorphic 

microsatellite markers and identification of 

applications for wild walnut (Juglans regia L.) 

in middle Asia. Diversity, 15(10), 1073. 
https://doi.org/10.3390/d15101073  

Mahood, A. M. R., & Hama-Salih, F. M. (2020). 

Characterization of genetic diversity and 

relationship in almond (Prunus dulcis [mill.] 

DA Webb.) genotypes by RAPD and ISSR 

markers in Sulaimani Governorate. Applied 

Ecology and Environmental Research, 18(1), 
1739-1753. 
https://doi.org/10.15666/aeer/1801_17391753  

Manning, W. E. (1978). The classification within 

the Juglandaceae. Annals of the Missouri 

Botanical Garden, 65(4), 1058-1087. 
https://doi.org/10.2307/2398782  

Pandey, S., & Alam, A. (2021). Molecular 

markers (RAPD and SSR) based 

characterisation of genetic diversity and 

population structure of moss Hyophila 

involuta. Acta Botanica Hungarica, 63(1-2), 

171- 193. https://doi.org/10.1556/034.63.2021.1-

2.10 
Pollegioni, P., Lungo, S. D., Müller, R., Woeste, 

K. E., Chiocchini, F., Clark, J., ... & Mattioni, 

C. (2020). Biocultural diversity of common 

walnut (Juglans regia L.) and sweet chestnut 

(Castanea sativa Mill.) across Eurasia. 

Ecology and Evolution, 10(20), 11192- 11216. 
https://doi.org/10.1002/ece3.6761  

Sevindik, E., Okan, K., Sevindik, M., & Ercisli, 

Sezai. (2023). Genetic diversity and 

phylogenetic analyses of Juglans regia L. 

(Juglandaceae) populations using RAPD, 

ISSR markers and nrDNA ITS regions. 

Erwerbs Obstbau, 65, 311- 320. 
https://doi.org/10.1007/s10341-023-00834-7 

Shah, U. N., Mir, J. I., Ahmed, N., & Fazili, K. M. 

(2019). Genetic diversity analysis of walnut 

(Juglans regia L.) from Kashmir Valley using 

RAPD and ISSR markers. Agrotechnology, 8, 

185. https://doi.org/10.35248/21689881.19.8.185 

Stanford, A. M., Harden, R., & Parks, C. R. 

(2000). Phylogeny and biogeography of 

Juglans (Juglandaceae) based on matK and 

ITS sequence data. American Journal of 

Botany, 87(6), 872- 882. 
https://doi.org/10.2307/2656895  

Streiff, Ducousso, Lexer, Steinkellner, Gloessl, & 

Kremer. (1999). Pollen dispersal inferred from 

paternity analysis in a mixed oak stand of 

Quercus robur L. and Q. petraea (Matt.) 

https://doi.org/10.1023/A:1010385608668
https://doi.org/10.3390/su13126830
https://doi.org/10.1016/j.scienta.2020.109369
https://doi.org/10.1046/j.14209101.2002.00393.x
https://doi.org/10.7717/peerj.15722
https://doi.org/10.3126/njb.v8i1.30204
https://doi.org/10.21273/JASHS.130.4.585
https://doi.org/10.1007/s11033-024-09373-0
https://doi.org/10.3390/d15101073
https://doi.org/10.15666/aeer/1801_17391753
https://doi.org/10.2307/2398782
https://doi.org/10.1556/034.63.2021.1-2.10
https://doi.org/10.1556/034.63.2021.1-2.10
https://doi.org/10.1002/ece3.6761
https://doi.org/10.1007/s10341-023-00834-7
https://doi.org/10.35248/21689881.19.8.185
https://doi.org/10.2307/2656895


Karimi Shahri et al., J Genet Resour, 2026; 12(1): 53-63 

63 

Liebl. Molecular Ecology, 8(5), 831- 841. 
https://doi.org/10.1046/j.1365294X.1999.00637.x  

Vafadar Shamasbi, F., Nasiri, N., & Shokri, E. 

(2018). Genetic diversity of Persian ecotypes 

of Indian walnut (Aeluropus littoralis (Gouan) 

Pari.) by AFLP and ISSR markers. Cytology 

and Genetics, 52(3), 222-230. 
https://doi.org/10.3103/S009545271803012X 

Wang, H., Pei, D., Gu, R. S., & Wang, B. Q. 

(2008). Genetic diversity and structure of 

walnut populations in central and 

southwestern China revealed by microsatellite 

markers. Journal of the American Society for 

Horticultural Science, 133(2), 197-203. 
https://doi.org/10.21273/JASHS.133.2.197  

Wang, J.Y., Yan, S.Y., Hui, W.K., & Gong, W. 

(2020). SNP discovery for genetic diversity 

and population structure analysis coupled with 

restriction-associated DNA (RAD) 

sequencing in walnut cultivars of Sichuan 

Province, China. Biotechnology and 

Biotechnological Equipment, 34(1), 652-664. 
https://doi.org/10.1080/13102818.2020.1797531  

Xiahou, Z.Y., Wambulwa, M.C., Xu, Z.C., Ye, 

L.J., Fan, P.Z., Magige, E.A., Luo, Y.H., & 

Liu, J. (2023). A multiplex PCR system of 

novel microsatellite loci for population genetic 

application in walnuts. Plants, 12(24), 4101. 
http://dx.doi.org/10.3390/plants12244101 

Xu, Z., Hu, T., & Zhang, F. (2012). Genetic 

diversity of walnut revealed by AFLP and 

RAPD markers. Journal of Agricultural 

Science, 4(7), 271-276. 
http://dx.doi.org/10.5539/jas.v4n7p271  

Zhou, H., Zhao, P., Woeste, K., & Zhang, S. 

(2021). Gene flow among wild and cultivated 

common walnut (Juglans regia) trees in the 

Qinling Mountains revealed by microsatellite 

markers. Journal of Forestry Research, 32(5), 

2189-2201. http://dx.doi.10.1007/s11676-020-

01254-z  

 

 

https://doi.org/10.1046/j.1365294X.1999.00637.x
https://doi.org/10.3103/S009545271803012X
https://doi.org/10.21273/JASHS.133.2.197
https://doi.org/10.1080/13102818.2020.1797531
http://dx.doi.org/10.3390/plants12244101
http://dx.doi.org/10.5539/jas.v4n7p271
http://dx.doi.10.1007/s11676-020-01254-z
http://dx.doi.10.1007/s11676-020-01254-z

