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Abstract: Genetic diversity assessment is crucial for effective breeding programs and the conservation of plant genetic resources. This 

study aimed to characterize the genetic diversity of 24 cabbage (Brassica oleracea var. capitata subvar. alba) inbred lines using 

Sequence-Related Amplified Polymorphism (SRAP) markers. A total of 45 SRAP primer combinations were employed, resulting in the 

amplification of 258 bands, of which 194 (75.2%) were polymorphic. The polymorphism information content (PIC) values ranged from 

0.03 to 0.42, with a mean value of 0.20, indicating relatively low genetic diversity among the studied inbred lines. The major allele 

frequency (MAF) values varied between 0.54 and 0.99, with an average of 0.83, further confirming the limited genetic diversity. The 

effective allele number (NE), gene diversity (H), and Shannon information index (I) averaged 1.40, 0.23, and 0.35, respectively. 

Principal component analysis (PCA) revealed that the first seven principal component axes accounted for 90.59% of the total variance 

among the cabbage lines, demonstrating that the genetic diversity could be largely explained along a few dimensions. STRUCTURE 

analysis identified three major genetic clusters, with Cluster 3 exhibiting the highest proportion of genetic composition (40.3%) and 

the highest level of genetic differentiation (mean Fst = 0.4080). The Unweighted Pair Group Method with Arithmetic Mean (UPGMA) 

clustering analysis, based on the Dice similarity method, produced a dendrogram depicting the genetic relationships among the inbred 

lines. The Mantel test value r for the UPGMA clustering was 0.78, indicating a good fit between the dendrogram and the original 

similarity matrix. The study highlights the utility of SRAP markers in assessing genetic diversity and relationships among cabbage 

inbred lines, providing valuable information for breeding programs and genetic resource management. The identification of genetically 

distinct clusters and the quantification of genetic variation within and among these clusters can guide future breeding efforts and 

facilitate the development of improved cabbage varieties with desirable traits. 
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1. Introduction 
White cabbage (Brassica oleracea var. capitata) is an 

important vegetable species cultivated and consumed 

worldwide. This plant, which belongs to the Brassicaceae 

family, is of great importance for health and nutrition due 

to its high nutritional value, containing various 

antioxidants, vitamins (especially vitamin C and vitamin 

K), minerals and fiber (Fahey et al., 2001). In addition, 

studies have suggested that white cabbage may have 

protective effects against several types of cancer 

(Verhoeven et al., 1996). Cabbages are categorized into 

white cabbage (B. oleracea var. capitata subvar. alba), 

red cabbage (B. oleracea var. capitata subvar. rubra), and 

savoy cabbage (B. oleracea var. capitada subvar. 

sabauda) (Nieuwhof, 1969). White cabbage constitutes 

the most consumed group of cabbage, utilized either as a 

table vegetable or in the pickling industry. In Türkiye, the 

total production of white cabbage is 597910 tons. The 

provinces with the highest production are listed as 

Samsun (143241 tons), Niğde (135495 tons), Bursa 

(34830 tons), Antalya (25116 tons), Mersin (22534 

tons), and Afyonkarahisar (22465 tons) (Anonymous, 

2021). 

Plant breeding involves genetic studies aimed at 

developing more productive and resilient plant varieties. 

While traditional breeding methods rely on phenotypic 

selection and hybridization techniques, the use of 

molecular markers has increased significantly in modern 

breeding studies. Molecular markers are used for various 

purposes, including detection of genetic variation, gene 

mapping, pedigree analysis, and improving the efficiency 

of breeding programs (Collard and Mackill, 2008). 

Molecular marker techniques play a major role in 

revealing genetic diversity and relationships by detecting 

differences at the DNA level. Commonly used molecular 

marker techniques include RFLP (Restriction Fragment 

Length Polymorphism), AFLP (Amplified Fragment 

Length Polymorphism), SSR (Simple Sequence Repeats), 

RAPD (Random Amplified Polymorphic DNA), and SRAP 
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(Sequence-Related Amplified Polymorphism). Each 

marker has unique advantages and limitations. For 

example, SSR markers exhibit a high degree of 

polymorphism, while AFLP markers provide high 

reproducibility and comprehensive genetic information 

(Powell et al., 1996). SRAP markers are often preferred in 

plant genetics and breeding studies. SRAP typically 

targets exon regions to obtain polymorphic bands, 

thereby providing high accuracy in determining 

genotypic differences (Li and Quiros, 2001). The 

simplicity, speed, low cost and high reproducibility of 

SRAP markers make this technique ideal for genetic 

diversity analysis. A study by Ferriol et al. (2003) 

reported that the SRAP marker technique provided more 

information than AFLP, while another study by Liu et al. 

(2008) indicated that the SRAP marker system produced 

relatively more informative bands and was more efficient 

compared to ISSR and RAPD marker systems. SRAP 

technology, which was initially detailed by Li and Quiros 

(2001) in Brassica, is a marker system that preferentially 

amplifies open reading frames (ORFs). This technique 

utilizes two types of primers: forward primers, which are 

17 base pairs long and have 14 nucleotides rich in C and 

G with 3 selective bases at the 3' end, and reverse 

primers, which are 18 base pairs long with 15 

nucleotides rich in A and T (Ferriol et al., 2003). 

This study aims to determine the molecular diversity of 

white cabbage breeding lines using SRAP markers. 

Detection of genetic diversity is essential for plant 

breeding because plant populations with a broad genetic 

base are more resilient to environmental changes and 

diseases. In this context, our study aims to provide 

important data for the conservation of white cabbage 

genetic resources, to guide breeding efforts and to 

develop new lines. Our study will provide a better 

understanding of the genetic diversity of cabbage and 

integrate this knowledge into practical breeding 

applications. As a result, we aim to make a significant 

contribution to the conservation of white cabbage genetic 

resources and the support of sustainable agricultural 

practices. 

 

2. Materials and Methods 
A total of 24 white cabbage inbred lines, derived from the 

cabbage genetic pool at the Black Sea Agricultural 

Research Institute, were used for this study (Table 1). 

2.1. SRAP Analysis of Inbred Lines 

The mini-prep method of Haymes (1996) was used for 

DNA isolation and DNA extraction from young leaves of 

cabbage seedlings. Cabbage inbred lines were 

characterized using 45 SRAP primer combinations (Table 

2). Polymerase chain reaction (PCR) experiments were 

carried out using a total reaction mixture volume of 15 

μL. This mixture consisted of 7.5 μL PCR master mix 

(Dream Taq Green Master Mix, ThermoScientific), 1 μL 

forward (ME) and 1 μL reverse (EM) primers (10 pmol 

each), 3 μL genomic DNA (15-20 ng), and 2.5 μL 

deionized water. The PCR protocol was performed as 

follows: An initial predenaturation step was performed at 

94 °C for 2 minutes. This was followed by 5 cycles of 

denaturation at 94 °C for 1 minute, annealing at 35 °C for 

1 minute, and extension at 72 °C for 1 minute. This was 

followed by 35 cycles of denaturation at 94 °C for 1 

minute, annealing at 50 °C for 1 minute, and extension at 

72 °C for 1 minute. Finally, a post extension step at 72 °C 

for 5 minutes was performed (Yildiz et al., 2011). 

2.2. Gel Electrophoresis 

The PCR products obtained from the SRAP evaluation 

were separated by gel electrophoresis. A 3% agarose gel 

(Fisher BioReagents) containing 1X TAE (Tris-Acetic 

Acid-EDTA) buffer was prepared, and the samples were 

loaded onto the gel. Electrophoresis was performed on a 

SCIE-PLAS system (Hu20) at 100 V and 300 mA for 4 

hours. After electrophoretic separation, the gel was 

stained with ethidium bromide (10 mg/ml) for 20 

minutes and then washed with distilled water. The 

stained gel was then visualized under a UV 

transilluminator (Syngene-Ingenius). The resulting gel 

image was analyzed, with distinct bands scored as 1 

(present) and 0 (absent). This scoring system was used 

to generate a binary data matrix for further data analysis. 

 

Table 1. White cabbage inbred lines used in the study 

Inbred lines Consumption purposes Precocity 

40 for stuffing Mid-season 

501 for pickling Mid-season 

518 for pickling Mid-season 

22-1 for pickling Mid-season 

A119 for stuffing Early-maturing 

A126 for stuffing Early-maturing 

A145 for pickling Early-maturing 

A168 for pickling Early-maturing 

A322 for stuffing Early-maturing 

A387 for stuffing Early-maturing 

A62 for pickling Mid-season 

BLMY-4 for stuffing Early-maturing 

BY27-2 for stuffing Late-maturing 

EXT for pickling Early-maturing 

FG for stuffing Early-maturing 

P43-1 for stuffing Mid-season 

P59-1 for stuffing Early-maturing 

P91 for pickling Mid-season 

P95 for stuffing Early-maturing 

TAR for pickling Early-maturing 

W37 for pickling Mid-season 

WEİ for pickling Mid-season 

YBB-35 for stuffing Late-maturing 

ZL-3 for pickling Late-maturing 
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Table 2. Genetic diversity of cabbage inbred lines revealed by SRAP markers 

Primer TBN PBN PIC MAF NE H I 

Me01Em02 7 5 0.26 0.78 1.36 0.21 0.32 

Me01Em03 4 2 0.08 0.95 1.15 0.11 0.19 

Me01Em04 3 2 0.14 0.90 1.35 0.20 0.30 

Me01Em05 3 2 0.22 0.86 1.49 0.27 0.40 

Me01Em08 5 5 0.28 0.75 1.87 0.46 0.66 

Me02Em09 3 3 0.31 0.65 1.80 0.44 0.64 

Me02Em10 2 2 0.23 0.81 1.36 0.26 0.43 

Me02Em11 4 2 0.20 0.82 1.37 0.21 0.30 

Me02Em12 4 3 0.21 0.88 1.08 0.08 0.15 

Me02Em13 6 3 0.16 0.85 1.29 0.17 0.26 

Me03Em02 4 4 0.19 0.84 1.36 0.21 0.33 

Me03Em03 2 2 0.42 0.54 1.82 0.45 0.64 

Me03Em04 3 2 0.09 0.94 1.26 0.16 0.26 

Me03Em05 4 3 0.19 0.86 1.52 0.29 0.42 

Me03EM10 10 10 0.25 0.80 1.41 0.26 0.42 

Me03Em13 4 4 0.21 0.82 1.54 0.31 0.46 

Me04Em10 5 4 0.19 0.88 1.41 0.26 0.40 

Me05Em02 5 5 0.27 0.78 1.74 0.41 0.59 

Me05Em03 9 5 0.12 0.90 1.21 0.13 0.21 

Me05Em04 12 8 0.14 0.88 1.28 0.18 0.29 

Me05Em05 7 6 0.24 0.77 1.49 0.30 0.46 

Me05Em08 5 3 0.24 0.77 1.30 0.19 0.29 

Me06Em09 5 4 0.06 0.97 1.15 0.12 0.21 

Me06Em10 6 3 0.11 0.90 1.36 0.20 0.29 

Me06Em11 7 4 0.15 0.89 1.39 0.21 0.31 

Me06Em12 8 7 0.25 0.79 1.48 0.28 0.43 

Me14Em02 9 7 0.19 0.84 1.44 0.26 0.39 

Me14Em03 3 1 0.03 0.99 1.01 0.01 0.03 

Me14Em04 6 6 0.24 0.78 1.61 0.36 0.54 

Me14Em05 4 2 0.15 0.86 1.26 0.15 0.23 

Me14Em08 10 10 0.35 0.67 1.62 0.36 0.53 

Me16Em10 9 8 0.26 0.76 1.47 0.27 0.41 

Me17Em05 5 5 0.24 0.82 1.46 0.26 0.41 

Me18Em09 7 5 0.16 0.88 1.32 0.18 0.28 

Me18Em10 5 4 0.28 0.74 1.46 0.26 0.38 

Me18Em11 2 1 0.19 0.77 1.32 0.20 0.29 

Me19Em02 11 8 0.23 0.81 1.23 0.17 0.28 

Me19Em03 11 10 0.32 0.73 1.44 0.27 0.41 

Me19Em04 5 4 0.20 0.84 1.39 0.25 0.38 

Me19Em05 7 5 0.22 0.80 1.33 0.21 0.32 

Me21Em09 5 4 0.20 0.78 1.49 0.28 0.40 

Me21Em10 6 4 0.20 0.83 1.38 0.23 0.35 

Me21Em11 6 2 0.07 0.94 1.08 0.06 0.10 

Me21Em12 6 3 0.14 0.88 1.39 0.22 0.31 

Me21Em13 4 2 0.11 0.91 1.32 0.18 0.27 

Total 258 194 - - - - - 

Average 5.73 4.31 0.20 0.83 1.40 0.23 0.35 

TBN= total band number, PBN= polymorphic band number, MAF= major allele frequency, NE= effective allele number, H= gene 

diversity (Nei, 1973), I= Shannon information index 

 

2.3. Data Analysis 

The polymorphism rate (Pr) was calculated for each 

primer. PopGene v.1.32 software (Yeh et al., 2000) was 

used to calculate genetic diversity parameters, including 

the effective number of alleles (Ne) (Kimura and Crow, 

1964), gene diversity (H) (Nei, 1973), and Shannon's 

information index (I) (Lewontin, 1972), for the inbred 

cabbage lines under study. Polymorphism information 

content (PIC) and major allele frequency (Maf) values 

were obtained using PowerMarker v.3.25 software (Liu 

and Muse, 2005). Cluster analysis was performed using 

the unweighted pair-group method with arithmetic mean 
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(UPGMA) (Sneath, 1979), and a correlation matrix was 

generated using the Dice module of the NTSYSpc v.2.02 

package (Rohlf, 2000). This analysis elucidated the 

genetic relationships among the cabbage lines. 

Additionally, multivariate analysis was performed using 

Principal Component Analysis (PCA) based on the 

correlation matrix in NTSYSpc, and a PCA scatterplot was 

generated using Past 3 statistical software. In further, a 

STRUCTURE analysis was performed on the cabbage 

lines using the Bayesian clustering algorithm 

implemented in the STRUCTURE 2.3.4 software tool, as 

introduced by Pritchard et al. (2000). The analysis was 

performed with a burn-in period of 10.000 iterations and 

100.000 Markov Chain Monte Carlo (MCMC) repetitions 

after burn-in, with five iterations. 

 

3. Results 
3.1. Characterization of Cabbage Lines by SRAP 

Markers 

A total of 258 bands were obtained from 45 

combinations of SRAP primers, of which 194 (75.2%) 

showed a polymorphism among the cabbage breeding 

lines (Table 2). Based on primers, the highest total 

number of bands was observed in Me05Em04 primer at 

12 and the lowest number of bands was observed in 

Me02Em10, Me03Em03 and Me18Em11 primers at 2. 

Polymorphism information content (PIC) values ranged 

from 0.03 to 0.42. The mean PIC value was calculated as 

0.20. The highest PIC value was determined in the 

Me03Em03 primer with 0.42 and the lowest in the 

Me14Em03 primer with 0.03. The major allele frequency 

(MAF) values changed between 0.54-0.99 (average 0.83) 

indicating relatively low genetic diversity among cabbage 

lines. The effective allele number (NE) ranged from 1.01 

to 1.87 with an average NE value of 1.40. Gene diversity 

(H) ranged from 0.01 to 0.46 and Shannon information 

index (I) ranged from 0.03 to 0.66. The mean values of H 

and I were calculated as 0.23 and 0.35, respectively. 

These results indicate that the genetic diversity of 

cabbage breeding lines was successfully characterized 

using SRAP markers. 

The results of the principal component analysis (PCA) 

showed that the data from the SRAP markers could be 

largely represented by the first seven principal 

component axes (Table 3). The eigenvalues associated 

with these axes were 19.76, 0.47, 0.38, 0.38, 0.32, 0.29, 

and 0.27, respectively. These values indicate that the first 

seven principal component axes account for 90.59% of 

the total variance among the cabbage lines, 

demonstrating that the genetic diversity within these 

lines can be largely explained along a few dimensions. 

Two-dimensional scatter plot in Figure 1 represents the 

genetic variation among cabbage inbred lines based on 

PCA. The plot reveals distinct clusters of inbred lines. The 

lines such as BLMY-4, FG, and WEI cluster closely 

together, indicating high genetic similarity. In contrast, 

lines such as 501, W37, and BY27-2 are positioned far 

apart from the main cluster, suggesting significant 

genetic differences. 

 

Table 3. Principal components revealed by SRAP primers 

PC axises Eigen values Variation (%) Cumulative variation (%) 

1 19.76 82.35 82.35 

2 0.47 1.98 84.32 

3 0.38 1.59 85.91 

4 0.32 1.32 87.23 

5 0.29 1.20 88.43 

6 0.27 1.13 89.57 

7 0.25 1.03 90.59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scatter plot of inbred lines by PCA. 
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The STRUCTURE analysis of the SRAP marker data 

revealed the genetic structure of the inbred lines, 

identifying three major clusters based on the K-means 

method (Figure 2). The Q matrix represents the 

individual membership coefficients, indicating the 

proportion of an individual's genome that belongs to 

each of the inferred genetic clusters (Figure 3). Further 

assessment of the genetic diversity among the cabbage 

inbred lines using STRUCTURE, as summarized in Table 

4, revealed distinct patterns among the three identified 

clusters. Cluster 1 exhibited an average distance (AD) of 

0.273 between individuals within the same cluster, 

indicating a moderate level of genetic variation. The 

proportion of the genetic composition (PGC) in this 

cluster was 0.311, suggesting that approximately 31.1% 

of the genetic material of the inbred lines was 

represented in this cluster. The mean value of Fst for 

Cluster 1 was 0.0122 indicating minimal genetic 

differentiation from other clusters. Cluster 2 

demonstrated a slightly lower average distance (AD) of 

0.264 compared to Cluster 1, reflecting slightly reduced 

genetic variation within the cluster. The proportion of 

the genetic composition (PGC) in Cluster 2 was 0.286, 

showing that 28.6% of the genetic material was 

encompassed in this cluster. The mean Fst value for 

Cluster 2 was 0.0774, indicating a moderate level of 

genetic differentiation. Cluster 3 showed the lowest 

average distance (AD) of 0.178, indicating the least 

genetic variation among individuals within this cluster. 

However, it had the highest proportion of genetic 

composition (PGC) at 0.403, signifying that 40.3% of the 

genetic material of the inbred lines was present in this 

cluster. Notably, Cluster 3 exhibited a mean Fst value of 

0.4080, which is substantially higher than those of the 

other clusters, indicating a significant level of genetic 

differentiation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Optimum cluster number obtained by STRUCTURE analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The assignment probabilities of each individual obtained by STRUCTURE. 

 

Table 4. Genetic diversity of cabbage inbred lines revealed by SRAP markers 

Clusters AD PGC Mean values of Fst 

1 0.273 0.311 0.0122 

2 0.264 0.286 0.0774 

3 0.178 0.403 0.4080 

AD= average distance between individuals in same cluster, PGC= proportion of the genetic composition of inbred lines in each cluster. 
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Figure 4. UPGMA cluster constructed from SRAP marker data. 

 

The Mantel test value r for the Unweighted Pair Group 

Method with Arithmetic Mean (UPGMA) clustering 

analysis using the Dice similarity method was calculated 

to be 0.78. The dendrogram shown in Figure 4 represents 

the genetic relationships among 24 cabbage inbred lines 

based on SRAP marker data. The inbred lines BLMY-4 

and FG are the most genetically similar, as indicated by 

their tight clustering towards the top right of the 

dendrogram. Similarly, lines 22-1 and EXT, A126 and 

A62, and W37 and 501 also show high genetic similarity 

due to their close proximity in the dendrogram. On the 

other hand, the inbred lines 501 and P91 are the most 

genetically distant from each other, as indicated by their 

positions on opposite ends of the dendrogram branches. 

BY27-2 and YBB-35 are also relatively genetically distant 

from the other lines, forming their own separate cluster 

at a lower similarity coefficient. Several clusters of inbred 

lines exhibit moderate genetic similarity. For example, 

the cluster including 40, 22-1, and EXT, as well as the 

cluster including A126, A62, A168, TAR, and A387, show 

intermediate levels of genetic relatedness. The cluster 

including A322, P91, and A145 also indicates moderate 

genetic similarity among these lines. 

 

4. Discussion 
Hybrid vegetable varieties are preferred by producers for 

their high yield, disease resistance, and uniform product 

quality. White head cabbage can be cultivated in almost 

every region of Turkey, with provinces such as Samsun, 

Amasya, Tokat, Niğde, and Nevşehir standing out in 

production. While the proportion of local hybrid varieties 

was significantly high in the hybrid varieties of the main 

vegetable crops grown in Türkiye, such as tomato, 

pepper and melon, this proportion remained at a very 

low level in cabbage. To increase this rate, some 

agricultural research institutes and universities in 

Turkey are conducting breeding studies on cabbage. The 

Black Sea Agricultural Research Institute is prominent in 

developing hybrid varieties of white head cabbage in 

Turkey. The findings of our study will greatly contribute 

to the breeding efforts carried out at this institution. The 

effectiveness of breeding programs planned for 

developing hybrid varieties with high adaptability to 

global climate change depends on selecting the most 

suitable parents (Schnable and Springer, 2013; Kadam 

and Lorenz, 2018). Choosing genetically different parents 

in hybrid variety development contributes to a high 

heterosis effect (Labroo et al., 2021). Therefore, the 

genetic characterization of breeding lines is of great 

importance. In our study, the genetic relatedness among 

24 cabbage inbred lines in the genetic resource of the 

Black Sea Agricultural Research Institute was screened 

using SRAP markers. Our findings indicated that SRAP 

markers were effective in differentiating cabbage inbred 

lines. The genetic similarity among the inbred lines 

ranged from 78 to 90, indicating relatively low 

variability. In a genetic diversity study conducted on 

Brassicas (Brassica napus), it was reported that 20 SRAP 

primer combinations successfully differentiated 60 

accessions (Ahmad et al., 2014). Researchers reported 

that the genetic similarity among accessions ranged from 

40 to 100. In a genetic diversity study conducted with 

SRAP markers on another Brassica species (Brassica 

juncea L.), a total of 286 bands were obtained, with an 
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average number of bands per primer combination being 

9.23 (Li et al., 2018). The similarity among the 44 

accessions was determined to range from 0.61 to 0.89. In 

a diversity study comparing SSR and SRAP markers 

among different Brassica species, it was reported that 36 

SSR primers produced 133 polymorphic bands, while 43 

SRAP primer combinations produced 268 polymorphic 

bands. SRAP primers were reported to be more 

successful than SSR primers in determining variation 

among Brassica species (Zhang et al., 2017). Another 

study investigating the effectiveness of SRAP and SSR 

markers for the diversity of elite Brassica napus breeding 

lines found that 8 SSR primers explained 96.08% of the 

variation among the breeding lines, while 12 SRAP 

primer combinations explained 98.72%, indicating that 

SRAP primers were nearly as successful as SSR primers 

(Zang et al., 2019). In the PCA applied to the SRAP 

marker data for the characterization of cabbage breeding 

lines, the first component explained 82.35% of the 

variation among the lines. This finding is consistent with 

the results obtained from the diversity study of Brassica 

napus varieties with SRAP markers (Framarzpour et al., 

2021). STRUCTURE analysis showed that cabbage 

breeding lines were genetically divided into three groups. 

The findings revealed significant genetic variability 

among the breeding lines we have. Different cabbage 

species have been successfully differentiated with SRAP 

(Wu et al., 2009) and SSR (Pipan et al., 2024; Malik et al., 

2024) markers in Brassica germplasms. The SRAP 

markers we used, were also successful in differentiating 

elite inbred cabbage lines. 

 

5. Conclusion 
The study of the genetic diversity of inbred cabbage lines 

using SRAP markers has provided comprehensive 

information on their genetic composition. Key genetic 

diversity metrics, including PIC, MAF, NE, H, and I, were 

evaluated. The mean PIC value of 0.20 (range: 0.03 to 

0.42) indicates moderate genetic diversity, with primers 

like Me03Em03 showing high discriminatory power 

(PIC=0.42). An average MAF of 0.83 suggests a 

predominance of certain alleles, reflecting lower overall 

genetic diversity. The mean NE, H and I values further 

confirm the presence of genetic variability among the 

inbred lines. Principal component analysis showed that 

genetic diversity could be largely explained along a few 

dimensions. The cluster analysis using STRUCTURE and 

UPGMA showed distinct genetic groupings, with three 

major clusters identified. Cluster 3 showed the highest 

genetic differentiation, indicating significant divergence 

within this group. The Mantel test value (r=0.78) from 

the UPGMA clustering analysis underscores the 

robustness of the genetic relationships observed among 

the cabbage lines. The dendrogram further supports 

these findings, showing clear genetic differences and 

similarities among the lines. In conclusion, SRAP markers 

have been found to be a valuable tool for characterizing 

the genetic diversity of inbred cabbage lines. The 

moderate level of genetic diversity observed suggests 

potential for selective breeding and genetic improvement 

programs. 

 

Author Contributions 

The percentage of the author(s) contributions is 

presented below. All authors reviewed and approved the 

final version of the manuscript. 
 

 E.E. C.T. 

C 70 30 

D 90 10 

S 100  

DCP 30 70 

DAI 50 50 

L 20 80 

W 80 20 

CR 80 20 

SR 80 20 

PM 50 50 

FA 50 50 

C=Concept, D= design, S= supervision, DCP= data collection 

and/or processing, DAI= data analysis and/or interpretation, L= 

literature search, W= writing, CR= critical review, SR= 

submission and revision, PM= project management, FA= funding 

acquisition. 

 

Conflict of Interest 

The authors declared that there is no conflict of interest. 

 

Ethical Consideration 

Ethics committee approval was not required for this 

study because of there was no study on animals or 

humans. 

 

Acknowledgments 

This study was summarized from the second authors MSc 

thesis under the supervision of the first author. 

 

References 
Ahmad R, Farhatullah, Quiros CF, Rahman H, Swati ZA. 2014. 

Genetic diversity analyses of Brassica napus accessions using 

SRAP molecular markers. Plant Genet Resour, 12(1): 14-21. 

https://doi.org/10.1017/S147926211300021X. 

Anonymous. 2021. https://www.drdatastats.com/illere-gore-

turkiyede-sebze-uretimi (access date: 05.05.2022). 

Collard BCY, Mackill DJ. 2008. Marker-assisted selection: an 

approach for precision plant breeding in the twenty-first 

century. Philos Trans R Soc Lond B Biol Sci, 363(1491): 557-

572. 

Fahey JW, Zalcmann AT, Talalay P. 2001. The chemical diversity 

and distribution of glucosinolates and isothiocyanates among 

plants. Phytochemistry, 56(1): 5-51. 

Ferriol M, Pico B, Nuez F. 2003. Genetic diversity of a 

germplasm collection of Cucurbita pepo using SRAP and 

AFLP markers. Theor Appl Genet, 107(2): 271-282. 

Framarzpour A, Abdoli-Nasab M, Rezvan Nezhad E, Baghizadeh 

A. 2021. Evaluation of genetic diversity of rapeseed (Brassica 

napus L.) cultivars using SRAP markers. J Agric Sci Technol, 

23(2): 447-456. 

Haymes KM. 1996. Mini-prep method suitable for a plant 



Black Sea Journal of Agriculture 

BSJ Agri / Ercan EKBİÇ and Cemregül TIRINK                                                           8 
 

breeding program. Plant Mol Biol Report, 14(3): 280-284. 

Kadam DC, Lorenz AJ. 2018. Toward redesigning hybrid maize 

breeding through genomics-assisted breeding. In: Bennetzen 

J, Flint-Garcia S, Hirsch C, Tuberosa R, eds. The Maize 

Genome. Cham: Springer, pp: 367-388. 

https://doi.org/10.1007/978-3-319-97427-9_21. 

Kimura M, Crow JF. 1964. The number of alleles that can be 

maintained in a finite population. Genetics, 49(4): 725-738. 

https://doi.org/10.1093/genetics/49.4.725. 

Labroo MR, Studer AJ, Rutkoski JE. 2021. Heterosis and hybrid 

crop breeding: a multidisciplinary review. Front Genet, 12: 

643761. 

Lewontin RC. 1972. Testing the theory of natural selection. 

Nature, 236(5343): 181-182. 

https://doi.org/10.1038/236181a0. 

Li G, Quiros CF. 2001. Sequence-related amplified 

polymorphism (SRAP), a new marker system based on a 

simple PCR reaction: its application to mapping and gene 

tagging in Brassica. Theor Appl Genet, 103(2-3): 455-461. 

Li Y, Xue Z, Zhang S, Wen Q. 2018. SRAP analysis on genetic 

diversity of Brassica juncea. Fujian J Agric Sci, 33(9): 937-

942. 

Liu K, Muse SV. 2005. PowerMarker: an integrated analysis 

environment for genetic marker analysis. Bioinformatics, 

21(9): 2128-2129. 

https://doi.org/10.1093/bioinformatics/bti282. 

Liu LW, Zhao LP, Gong YQ, Wang MX, Chen LM, Yang JL, Wang 

LZ. 2008. DNA fingerprinting and genetic diversity analysis of 

late-bolting radish cultivars with RAPD, ISSR and SRAP 

markers. Sci Hortic, 116(3): 240-247. 

Malik G, Jabeen A, Mir JI, Shah RA, Shah MA, Dinkar V, Sheikh 

MA, Kumar R, Sharma OM, Verma MK. 2024. Genetic 

diversity, population structure and marker-trait associations 

in Indian kale (Brassica oleracea L. gp. acephala) using cross-

species microsatellite markers. Heliyon, 10(8): e29521. 

Nei M. 1973. Analysis of gene diversity in subdivided 

populations. Proc Natl Acad Sci USA, 70(12): 3321-3323. 

https://doi.org/10.1073/pnas.70.12.3321. 

Nieuwhof M. 1969. Cole crops; botany, cultivation and 

utilization. World Crops Books, London, UK, pp: 353. 

Pipan B, Neji M, Meglič V, Sinkovič L. 2024. Genetic diversity of 

kale (Brassica oleracea L. var acephala) using agro-

morphological and simple sequence repeat (SSR) markers. 

Genet Resour Crop Evol, 71(3): 1221-1239. 

Powell W, Morgante M, Andre C, Hanafey M, Vogel J, Tingey S, 

Rafalski A. 1996. The comparison of RFLP, RAPD, AFLP and 

SSR (microsatellite) markers for germplasm analysis. Mol 

Breed, 2(3): 225-238. 

Pritchard JK, Stephens M, Donnelly P. 2000. Inference of 

population structure using multilocus genotype data. 

Genetics, 155(2): 945-959. 

https://doi.org/10.1093/genetics/155.2.945. 

Rohlf FJ. 2000. NTSYS-pc: numerical taxonomy and multivariate 

analysis system, version 2.1. Exeter Software, New York, US. 

Schnable PS, Springer NM. 2013. Progress toward 

understanding heterosis in crop plants. Annu Rev Plant Biol, 

64: 71-88. 

Sneath PHA. 1979. BASIC program for a significance test for 

clusters in UPGMA dendrograms obtained from squared 

Euclidean distances. Comput Geosci, 5(1): 127-137. 

https://doi.org/10.1016/0098-3004(79)90020-7. 

Verhoeven DT, Verhagen H, Goldbohm RA, van den Brandt PA, 

van Poppel G. 1996. A review of mechanisms underlying 

anticarcinogenicity by brassica vegetables. Chem Biol 

Interact, 103(2): 79-129. 

Wu XM, Chen BY, Lu G, Wang HZ, Xu K, Guizhan G, Song Y. 2009. 

Genetic diversity in oil and vegetable mustard (Brassica 

juncea) landraces revealed by SRAP markers. Genet Resour 

Crop Evol, 56: 1011-1022. 

Yeh FC, Yang RC, Boyle TJ, Ye Z, Xiyan JM, Yang R. 2000. 

POPGENE 32, Microsoft Windows-based freeware for 

population genetic analysis. Edmonton: Molecular Biology 

and Biotechnology Centre, University of Alberta, Edmonton, 

Canada, pp: 54. 

Yildiz M, Ekbic E, Keles D, Sensoy S, Abak K. 2011. Use of ISSR, 

SRAP, and RAPD markers to assess genetic diversity in 

Turkish melons. Sci Hortic, 130(1): 349-353. 

https://doi.org/10.1016/j.scienta.2011.06.048. 

Zang S, Zhang Y, Guo Y, Hu S. 2019. Genetic diversity pattern of 

elite lines in Brassica napus L. based on SSR and SRAP 

markers. J Northwest A & F Univ Nat Sci Ed, 47(5): 7-14. 

Zhang X, Chen H, Channa SA, Zhang Y, Guo Y, Klima M, Yu F, Hu 

S. 2017. Genetic diversity in Chinese and exotic Brassica rapa 

L. accessions revealed by SSR and SRAP markers. Braz J Bot, 

40: 973-982. https://doi.org/10.1007/s40415-017-0392-1. 

 


