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Abstract 
Oilseed rape (Brassica napus L.) is a major oil-producing crop worldwide, valued for its adaptability, yield po-

tential, and seed quality. This study investigated the genetic diversity, phylogenetic relationships, and trait asso-

ciations of 85 rapeseed cultivars from different geographical regions. Genetic variation was assessed using 

5,058 SNP markers and ITS region sequences, and phylogenetic relationships were analyzed using MEGA-X 

and PowerMarker, resulting in twelve distinct genetic clusters that largely reflected geographical origin and 

breeding history. Phenotypic evaluations included key agronomic traits (e.g., plant height, silique number, 1000-

seed weight) and seed quality traits (e.g., oil, protein, and glucosinolate content). Statistical analysis was per-

formed using analysis of variance (ANOVA) to determine significant differences among clusters (P < 0.01). 

Results showed substantial variation in both agronomic and seed quality traits: Cluster 8 had the highest oil con-

tent, while Cluster 1 had the highest protein content. An inverse relationship between oil and protein content 

was observed, indicating a trade-off between these traits. These findings demonstrate that integrating SNP- and 

ITS-based molecular markers with phenotypic evaluation effectively identifies genetic relationships and trait 

variation, providing a robust framework for marker-assisted selection, germplasm improvement, and future 

breeding programs aimed at enhancing yield, seed quality, and environmental adaptation in Brassica napus.  

Keywords: Brassica napus L., Genetic diversity, Phylogenetic analysis, SNP markers, Seed quality traits, Ag-

ronomic performance. 

. با  Brassica napus L  ی ها ی ت ی تخم در وار   ت ی ف ی عملکرد و ک   ات ی خصوص   ، ی ک ی تنوع جنت   ی ق ی تلف   ل ی تحل 

 ک ی لوجنوم ی استفاده از فا 

 ۲ضیاالدین روستازاده، ۱محمد دین روستازاده
 ، افغانستان بامیان،  بامیانپوهنتون ، زراعت ځی پوهن ،اګرانومیدیپارتمنت ۱

 ، بامیان، افغانستان  پوهنتون بامیان، زراعت ځیپوهن  ،دیپارتمنت جنګلداری و منابع طبیعی۲

 

 خلاصه 

( عمده  کی.(  Brassica napus Lکلزا  دل  یدکننده یتول  یمحصول  به  که  است  جهان  سراسر  در  و    لی پتانس  ،یسازگار   لی روغن  عملکرد 

ا  تیفیک است.  ارزشمند  ژنت  نیبذر آن  تنوع  ف  ،یک یمطالعه  ارتباط صفات    یک یلوژنتیروابط  مناطق جغراف  ۸۵و  از  کلزا  را    ییایرقم  مختلف 

تغ   یبررس از    یک یت ژن  راتییکرد.  استفاده  توال   SNPنشانگر    ۵۰۵۸با  ف  یابیارز  ITS  هیناح  یهای و  روابط  و  از    یکی لوژنتیشد  استفاده  با 

تشک  ل یتحل  PowerMarkerو    MEGA-X  یافزارهانرم به  منجر  که  خوشه   لی شد  ز  زیمتما  یک یژنت  یدوازده  حد  تا  که    ی ادیشد 

تعداد غلاف،    اه،ی)مانند ارتفاع گ  مهم  زراعیشامل صفات    یپیفنوت   یابی. ارزودندب  یاصلاح  یخچهیو تار   ییایمنشأ جغراف  یکنندهمنعکس 

ک صفات  و  دانه(  هزار  پروتئ  تی فیوزن  روغن،  )مانند  محتوا  ن یبذر  تحلنولاتیگلوکوز  ی و  بود.  آنال  ی آمار   لی (  از  استفاده    انس یوار  زی با 

(ANOVAبرا )دها انجام شخوشه   نیمعنادار ب  یهاتفاوت   نییتع   ی   (P < 0.01  .)در هر دو گروه صفات   ینشان داد که تنوع قابل توجه  جینتا  

  ن ی معکوس ب  یرابطه   ک ی    را داشت.  نیپروتئ   یمحتوا  نیشتریب  ۱روغن و خوشه    یمحتوا  ن یشتریب   ۸خوشه    بذر وجود دارد:  ت یفیو ک  زراعی 
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پروتئ  یمحتوا و  شد  ن یروغن  نشان     مشاهده  ب  کی وجود    یدهندهکه  ا  نیا  نیتعادل  است.  م   هاافته ی  نیصفات  ترک  دهندی نشان    ب یکه 

  ی و چارچوب   کندی م  ییو تنوع صفات را شناسا  یک یروابط ژنت  یبه طور مؤثر   یپی فنوت  یاب یبا ارز  ITSو    SNPبر    یمبتن  یمولکول   ینشانگرها

ژرم  یبرا  یقو  بهبود  نشانگرها،  کمک  با  برنامه انتخاب  و  افز   ندهیآ  یاصلاح  یهاپلاسما  منظور  ک  شیابه  سازگار   تیفیعملکرد،  و    ی بذر 

 .آوردی فراهم م   Brassica napusدر  یطیمح

 . Brassica napus L ،یعملکرد زراع ، تخم ت یفی، صفات کSNP  ینشانگرها ،یکی نتج لو یف لی تحل ،یک ی نتج، تنوع  کلیدی:   کلېمات 

 

1. Introduction 

Oilseed rape (Brassica napus L.) ranks among the top oil crops worldwide oilseed crops in most 

of the world's continents, such as Asia, America, Europe, and Australia (Delourme et al., 2013; Zhou 

et al., 2017; Chen et al., 2014; Rostazada et al., 2023). Among all oil production crops, oilseed rape 

has the most important role in many countries (Abdelmigid and El-Sayed A., 2016; Fayyaz et al., 

2014). In the world ranking, after the soybean, Brassica napus L. is the second biggest oil production 

plant around the world. Canola is also able to be sown and grown in various regions. After the 2011 

oil seed rape production, yearly production is over 60 million tons. Canola oil is the most important 

nutritional oil, principally eatable for food; rapeseed oil can be used as a biofuel; B. napus L. oil is an 

engineering grease and as an infrastructure for polymer synthesis (Allender, 2010). Brassica napus L. 

(AACC, 2n = 38) remains an amphidiploid plant that exists as the outcome of hybridization concern-

ing Brassica rapa L. (AA, 2n = 20) plus Brassic oleracea L. (CC, 2n = 18) within the previous 10,000 

years (Li et al., 2016; Zhou et al., 2017; Chen et al., 2014; Rostazada et al., 2023). 

Brassica napus L. Phylogenic analysis relying on internal transcribed spacers and classification 

was considered to determine the genetic relationships between rapeseed cultivars. The internal tran-

scribed spacer district was sequenced in 85 Brassica napus L. cultivars with pedigree histories and 

various environmental regions. Substantial genetic diversity was detected at intercultivar ranks, sup-

porting the effectiveness of internal transcribed spacer arrangements aimed at founding genetic rela-

tions between cultivars. Analysis of internal transcribed spacer arrangements by neighbor joining (NJ) 

and concentrated parsimony (MP) procedures created dendrograms essentially of related genotypes 

grouped into two leading groups individually since their environmental basis, portentous of a con-

tracted genetic origin between the considered ecotypes. Rapeseed breeding programs success is large-

ly dependent on the existence of sufficient genetic diversity. Barassica napus L. germplasm, phyloge-

ny exploration has been generally used to assess the degree of similarity among plants, but the essen-

tial material on ancestry is not continuously true. The spread of DNA markers has allowed the ge-

nome to be analyzed for true environmental factors (Bleeker et al., 2008; Rostazada et al., 2023; Bus 

et al., 2014).  

Moreover, it is valuable to study SNP markers of agronomic characteristics in agricultural produc 

Barassicats through strategies such as genetics, genetic relationships, population structure, and SNP 

heterozygosity value. SNP markers are nobly enabled and precious for the scrutiny or study of agro-

nomic characteristics in the crop through contrivances like genetic linkage mapping or association 

mapping. SNP markers are used for a wide range of determinations in Brassica, containing rapid cre-

dentials of cultivars (Zhou et al., 2017). The polymorphism of internal transcribed spacer arrange-

ments, perceived through variation in size and nucleotide content, completed the genetic diversity be-

tween rapeseed cultivars. Information on the associated sequences showed that together, single nucle-

otide variances and diminutive distances of sequence diversity remained due to supplements or re-

movals existing in the internal transcribed spacer or second internal transcribed spacer regions repre-

senting intercultivar differences. Disagreement) was more advanced than the infrageneric dissimilarity 

of ITS arrangements to the anther angiosperm plant (Baraket et al. 2009; Jorgensen et al. 2003; Ab-
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delmigid H. M. and El-Sayed A., 2016). The B.napus L. yield is connected in the three component 

parts such as silique number on a single plant, seeds number in each silique, 1000 seeds weight, seeds 

per each silique, seeds number per single plant, silique the number of traits per single plant has the 

highest effect on yield (Yang et al., 2012). Parental effects on the F1 generations with different traits 

It is clear that in the family relationship between the F1 generation and their genitor, the contents of 

the seeds and oil yield have a distinct correlation coefficient with traits, though the seed yield and 

yield components of three positive F1 crosses are significantly related to the corresponding maternal 

and paternal parents. (Shen et al., 2005; Wu et al., 2019).   

The topmost measure projects of genome sequencing are administered to know about the evolu-

tionary and instrument of phenotypic diversity construction in rapeseed of the highest quality. Brassi-

ca napus L. simplifies genome-wide sequence measurement between a wide assortment of diverse 

materials (Zou et al., 2019; Sun et al., 2017; Allender, 2010). Additional resequencing development of 

588 Brassica napus L. agreements revealed that winter rapeseed may be the innovative procedure of 

Brassica napus L. and recognized genetic loci connected with stress resistance, seed quality, oil con-

tent, and ecotype development by participating in genome-wide association studies, assortment sig-

nals, and transcriptome examination (Lu et al., 2019). The previous research showed that the inher-

itance of cytoplasm was determined to significantly subsidize the construction of the most agronomi-

cally significant traits of plants, like yield, resistance in the cold season, grain weight, and milling 

quality traits. Indica rice-filled grain ratio (Tao et al., 2011; Tao et al., 2004). Soybean seed protein 

content (Singh, 1972; Liang et al., 2007) Conversely, the genetic diversity, genetic origin population, 

and population structure of agronomic traits for worldwide Brassica napus L. genomes have not been 

totally analyzed, except for plan height in maize (Khehra, 1976) and oil gratification in rapeseed (Hua 

et al., 2012). 

We hypothesize that combining SNP-based phylogenetic analysis with phenotypic trait assess-

ment across a broad panel of Brassica napus cultivars will provide a comprehensive view of genetic 

structure and help identify valuable germplasm clusters. Therefore, the objective of this study is to 

evaluate the genetic diversity, phylogenetic relationships, and associations with key agronomic and 

seed quality traits across 85 B. napus cultivars from diverse geographic origins using both SNP mark-

ers and ITS region sequences. The ultimate goal is to provide a genomic and phenotypic framework to 

guide rapeseed breeding strategies for enhanced productivity and seed quality. 

2. Materials and Methods 

2.1. Plant materials  

A total of 85 rapeseed cultivars were sownin southwest university agriculture and biotechnology 

farm, cultivars were selected different regions (table 1, table 2 and table 3). Sowed in two lines, where 

each line contained ten plants. The distance between each line was 30cm and space between each 

plant was 15cm five plants from each cultivar groups were sampled for determination of agronomic 

traits and seed quality.  

2.2. Phenotypic traits measurements  

2.2.1. Agronomic Traits 

For studying different genetic parameters and inter relationships, ten characters were taken into 

consideration. A pictorial view of observation and data collection is presented in plate 5. The data 

were recorded on fifteen selected plants from each replication of 31 genotypes on ten following traits. 

plant height (cm), first branch length (cm), number of branch plant-1, silique length) cm), silique 

width (cm), single plant yield (gr), silique weight (gr), seed number silique-1 and silique number 

plant-1. 
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2.2.2. Seed Quality Data Selection 

The seed quality traits, oil, protein, the sum of oil and protein and glucosinolate content as well as 

saturated fatty acid content in the oil were measured on the 500 seed from each of the five plants cate-

gories. The content of oil and protein and glucosinolate measured using the near-infrared reflection of 

titanium (NIR) using the Foss 6500 system (Daun et al., 1994; Clercq, 2005). Total oil and protein 

content were calculated by adding Nair results. Fatty Acid Saturated Gas Chromatography Methyl 

Esters Fatty Acids were determined (Clercq, 2005). 

2.3. Phenotypic data statistical analysis 

Statistical analysis of the phenotypic data, description average and ANOVA correlation between 

seed quality and agronomic traits were used (IBM SPSS; VERSION 20) manual option, for seed qual-

ity and agronomical traits chart were used Microsoft Excel 2016.  

2.4. DNA extraction and phylogenetic analysis 

DNA was extracted by using CTAB (Doyle & Doyle, 1990) method from 85 rapeseed cultivar by 

using 5058 SNP genetic marker. A phylogenetic relationship was analyzed by the POWER MARKER 

software and MEGA-X v10.0.1 with the manual option. The number of subgroups (K) was set from 1-

10 based on models  characterized by admixture and correlated allele frequencies. 

Table-1:  Show name and ID number of  rapeseed cultivar from variouse geographical region . 

NO. NAME AREA ID NO. NAME AREA ID 

1 ZHEPING NO.4 ANHUI 18Z357 15 QIN YOU 33 SHANXI 18Z370 

2 RED OIL NO. 3 JIANGSU 18Z358 16 TIANYOU NO.10 SHANXI 18Z371 

3 MEDIUM OIL HUBEI 18Z359 17 DHERE 33 ZHEJIANG 18Z372 

4 DEFANG OIL. 2 SICHUAN 18Z360 18 DEYOU NO.8 SICHUAN 18Z373 

5 NINGZA 1818 JIANGSU 18Z361 19 MEDIUM OIL HUBEI 18Z374 

6 FENGYOU 737 SHANXI 18Z362 20 GERMAN OIL1-12 SICHUAN 18Z375 

7 DEHUI OIL 50 ANHUI 18Z363 21 SHI LIFENG JIANGSU 18Z376 

8 MISCELLANEOUS 

OIL 188 

HUNAN 18Z364 22 GUANGYUAN 58 HUBEI 18Z377 

9 ZHUOYOU 058 GUIZHOU 18Z365 23 HUAXIANG OIL .

11 

HUNAN 18Z378 

10 HUIHAO OIL 12 ANHUI 18Z366 24 DETIAN 118 SHANXI 18Z379 

12 HUYOU 21 ANHUI 18Z367 25 ZHEJIANG OIL ZHEJIANG 18Z380 

13 ZHEJIANG OIL 18 ZHEJIANG 

 

18Z368 

 

26 HUYOU 039 SHANGHAI 18Z381 

14 YANGYOU NO. 9 JIANGSU 

 

18Z369 

 

27 ZHEJIANG OIL 50 ZHEJIANG 18Z382 

Table-2: Show name and ID number of  rapeseed cultivare from variouse geografical region. 

No. Name Area ID No. Name Area ID 

1 Zhejiang Oil 51 Jiangsu 18z383 24 Zheping, F219 Anhui 18z412 

2 Qin You66 Shanxi 18z384 25 Junlong Oil. 5 Sichuan 18z413 

3 Shaanxi oil 0913 Shanxi 18z385 26 Rong oil 15 Sichuan 18z414 

4 German oil Guizhou 18z386 27 Earth 55 Hubei 18z415 

5 lazy man jack oil USA 18z387 28 Rong oil 18 Sichuan 18z416 

6 CNPC 828 Henan 18z388 29 Huawanyou.4 Sichuan 18z417 

7 Fengyou 737 Henan 18z389 30 Yiyou25 Sichuan 18z418 

8 Qinyou No.2 Shanxi 18z390 31 Junlong Oil. 10 Sichuan 18z419 

9 American Oil 

King 

USA 18z391 32 Chengyou. 11 Sichuan 18z420 

10 Qin You 19 Shanxi 18z392 33 Cotton oil 309 Sichuan 18z421 

11 Hardcore Stream-

ing King 

Hubei 18z393 34 Subfamily Oil 58 Sichuan 18z422 

12 Bright Oil.9 Hunan 18z394 35 Dr. Oil Sichuan 18z423 

13 Con oil 61 Hubei 18z395 36 Mianyou. 12 Sichuan 18z424 

14 oil king Sichuan 18z396 37 Chengyou. 11 Sichuan 18z425 

15 Xindu Oil 800 Sichuan 18z397 38 DezhongOil. 1 Sichuan 18z426 

16 American Oil  Hubei 18z398 39 Seed oil 998 Sichuan 18z427 
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17 Fenfei No. 1 Jiangsu 18z399 40 Guohao Oil. 8 Sichuan 18z428 

18 Qinrong 2 Shanxi 18z400 41 Miscellaneous 

Oil No. 9 

Sichuan 18z429 

19 Dexin oil 53 Sichuan 18z401 42 Rong You No. 13 

Long Pod King 

Sichuan 18z430 

20 Shaanxi oil 0913 Shanxi 18z402 43 Zhejiang Univer-

sity 619 

Zhejiang 18z431 

21 Tongyouza No. 2 Anhui 18z403 44 Medium oil mis-

cellaneous 19 

Hubei 18z432 

22 Huayouza No.9 Hubei 18z404 45 Mianxin oil 78 Sichuan 18z433 

23 Xiang miscella-

neous oil 631 

Hunan 18z405 46 Qin You No. 7 Shanxi 18z434 

Table-3: Show name and ID number of rapeseeds cultivar from various geographical region. 

No. Name Area ID No. Name Area ID 

1 Yuken 52 Sichuan 18z406 7 Qin Yan 

211 

Hubei 18z435 

2 Qin You 

No. 8 

Shanxi 18z407 8 Oil Re-

search No. 

10 

Guizhou 18z436 

3 Chuanyou 

21 

Sichuan 18z408 9 Fengyou 

5103 

Hubei 18z437 

4 

 

Dwarf but-

ter vegeta-

ble 

Sichuan 18z409 10 Qin You. 

11 

Jiangsu 18z438 

5 Chuanyou 

39 

Sichuan 18z410 

 

    

6 Guohua Oil 

1208 

Anhui 18z411     

 

3. Result and Discussion  

3.1. Agronomical traits  

The agronomic traits results were obtained in 2018 Chongqing (Table 4). The plant height was be-

tween 168.8cm and 220.2cm. Plant height is a foundational component of rapeseed architecture, 

strongly influencing yield potential through its effects on light interception and biomass accumulation. 

Previous studies have demonstrated substantial genetic variability for plant height and related traits, 

highlighting the importance of these characteristics in breeding programs (Cui et al., 2025; Xia et al., 

2024). The number of branches per plant was between 5.8 and 11. The number of branches per plant 

and main inflorescence length are major contributors to the formation of the plant canopy and repro-

ductive structures. These traits are often correlated with yield components, including the number of 

siliques and seeds per plant (Shang et al., 2021). The main inflorescence length was between 46.8cm 

and 109.2cm, in our results, significant differences among genotypes for branch number and inflo-

rescence length likely reflect underlying genetic control and potential adaptability to the local envi-

ronment. Branching traits can influence yield both directly and indirectly, as effective branching in-

creases sites for silique formation, which is aligned with findings in other rapeseed populations show-

ing positive correlations between branching and yield components (Shang et al., 2021). 

The silique length was between 4.1cm and 8.9cm, the silique width was between 0.3cm and 

0.8cm, the silique number per plant was 125-539. The observed variability in silique measurements 

suggests differing genetic potentials for seed set and fill across genotypes. Previous reports have 

demonstrated that such silique characteristics are integral components of yield and can be significant 

pathways for selection in breeding (Shang et al., 2021). Similarly, the broad range in seed number per 

silique in this study is indicative of considerable diversity in reproductive efficiency among lines. The 

seed number per silique was 11.9-36.6, the single plant yield was 6.1gr-37.6gr. These traits had signif-
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icant difference (P<0.01) among materials (Table 5 and Table 6). ield per plant, ranging from 6.1 to 

37.6 grams, reflects the cumulative effects of these agronomic traits. The significant genotype differ-

ences highlight the opportunity for selecting superior lines with higher productivity. This is consistent 

with studies reporting that agronomic traits such as plant height, branch number, and silique charac-

teristics are key determinants of yield and vary significantly under diverse environmental and genetic 

backgrounds (Shang et al., 2021; Cui et al., 2025).  

Table-4. Summary of the descriptive statistics for agronomic traits and single plant yield. 

Note: PH, plant height; NB/P, the number of branches per plant; MIL, main inflorescence length; SL, silique 

length; SW, silique width; SN/P, silique number per plant; SN/S, the number of seed per silique; SPY, single 

plant yield. 

Table-5. Variance of PH, NB/P, BL, SL and SW of 85 B.napus varieties. 

Source of variance DH F 

PH NB/P BL SL SW 

Material 82 5.446** 3.585** 4.453** 8.206** 7.718** 

Error 332           

 P** < 0.01; Abbreviations are the same as those given in Table 5. 

Table-6. The variance of SN/P and SN/S of 85 B.napus varieties. 

Source of variance DH 
F 

SN/P SN/S 

Material 82 11.172** 8.947** 

Error 166   

P** < 0.01; Abbreviations are the same as those given in Table 5. 

3.2. Seed quality traits 

The seed quality traits of Brassica napus genotypes showed considerable variation (Table 7). Oil 

content ranged from 36.4% to 50.1%, while protein content varied between 17.6% and 26.5%, indi-

cating a negative relationship commonly reported in rapeseed, where higher oil content often corre-

sponds to lower protein levels (Liu et al., 2022). The wide range in yellow seed content (41.4–

141.3%) suggests significant variation in seed coat characteristics, which are closely associated with 

oil and protein composition and overall seed quality (Zhang et al., 2021). Erucic acid content varied 

markedly from 3.3% to 52.9%, reflecting the presence of both low- and high-erucic acid genotypes, 

which is critical for breeding edib oil cultivars (Cui et al., 2023). Thioside content ranged from 24.1 to 

93.4 µmol/g·cake, demonstrating variability in anti-nutritional compounds, which is important for 

improving meal quality. Overall, these results indicate substantial genetic diversity in seed quality 

traits, providing opportunities for selection and breeding of high-quality rapeseed cultivars. 

 

 

 

 

Trait Mean SE Min Max 

PH (cm) 193.4429 8.6393 168.8000 220.2000 

NB/P 8.4458 1.1609 5.8000 11.2000 

MIL (cm) 77.2586 12.2169 46.8000 109.2000 

SL (cm) 5.7828 0.7977 4.1166 8.9120 

SW (cm) 0.4926 0.0618 0.3300 0.7560 

SN/P 355.6313 86.3595 125.0000 538.6667 

SN/S 20.7372 4.3241 11.8833 36.6333 

SPY 20.0583 5.9747 6.0600 37.5600 
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Table-7. Character description and statistics of seed quality traits in 85 B. napus varieties. 
Trait Mean SE Min Max 

Oil content (%) 42.787 0.343 36.393 50.078 

Protein content (%) 21.656 0.235 17.559 26.536 

Yellow seed 77.928 1.802 41.359 141.341 

Erucic acid (%) 16.252 1.360 3.255 52.872 

Thioside (µmol/g·cake) 48.370 2.136 24.092 93.428 

The correlation analysis among key seed quality traits in Brassica napus cultivars is presented in 

Table X. Oil content exhibited a strong and highly significant negative correlation with protein con-

tent (r = -0.764, p < 0.01), indicating that an increase in oil content is generally associated with a de-

crease in protein levels. Oil content showed a weak negative correlation with thioside content (r = -

0.278, p < 0.05) and no significant relationship with seed color or erucic acid content. 

Protein content was positively correlated with erucic acid (r = 0.385, p < 0.01) and thioside con-

tent (r = 0.297, p < 0.01), suggesting that selecting for higher protein may be accompanied by increas-

es in these traits. Yellow-seeded cultivars exhibited significantly lower erucic acid (r = -0.375, p < 

0.01) and thioside contents (r = -0.441, p < 0.01), highlighting their potential for producing improved 

oil quality. Notably, erucic acid and thioside content showed a very strong positive correlation (r = 

0.858, p < 0.01), indicating that reduction in one trait is likely to reduce the other. This result is simi-

lar whit (Rostazada et al., 2023; Table 8). 

Table-8. The correlation analysis of seed quality traits in B. napus varieties. 

Trait Oil content Protein content Yellow Seed Erucic acid 

Protein content -0.764** 
   

Yellow Seed 0.067 0.077 
  

Erucic acid -0.194 0.385** -0.375** 
 

Thioside -0.278* 0.297** -0.441** 0.858** 

3.3 Phylogenetic and its impact on agronomical traits and seed quality 

This inquarment employed phylogenetic and pedigree analyses using single nucleotide polymor-

phism (SNP) markers and internal transcribed spacer (ITS) regions to assess the genetic structure of 

85 diverse Brassica napus L. (rapeseed) cultivars originating from various regions of China. One of 

the principal objectives was to determine the genetic relationships and regional clustering patterns, 

which are crucial for understanding cultivar development and directing future breeding programs. Ac-

cording to Aranzana et al. (2003) and Parolin et al. (2002), a foundational aspect of molecular marker-

based cultivar identification is the selection of highly polymorphic loci that can accurately differenti-

ate between genotypes. In this study, such markers provided a high-resolution view of the genetic 

makeup of rapeseed cultivars and revealed significant genetic variation. The hierarchical clustering of 

the 85 cultivars based on SNP data resulted in twelve distinct clusters.  

These clusters were defined based on kinship coefficients, which indicated varying degrees of ge-

netic relatedness among cultivars. Each cluster reflected both the geographical origin and the breeding 

background of the cultivars. For instance, Cluster 1 grouped three cultivars 18z409 (Dwarf Butter 

Vegetable) from Sichuan, 18z376 (Shi Lifeng), and 18z399 (Fenfei No. 1), both from Jiangsu. Their 

grouping suggests a shared genetic lineage possibly arising from similar breeding practices or 

germplasm exchange between the regions. Cluster 2 included two cultivars: 18z366 (Huihao Oil12) 

from Anhui and 18z356 (Zhuoyou 058) from Guizhou. Despite being from different provinces, these 

cultivars shared sufficient genetic similarities to be clustered together, hinting at either a common an-

cestor or parallel selection strategies for certain agronomic traits. Cluster 3 was notably larger, group-

ing 14 cultivars from provinces including Shanxi, Shaanxi, Sichuan, and Jiangsu, such as 18z384 (Qin 

You 66), 18z400 (Qinrong 2), and 18z428. These cultivars showed a strong regional association, sug-

gesting ecotypic adaptation and historical selection pressures that favored particular genetic back-
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grounds. Cluster 4 incorporated cultivars like 18z418 (Yiyou25), 18z373 (Deyou No.8), and 18z435 

(Qin Yan 211) from provinces such as Sichuan, Hubei, Anhui, and Shanxi. Cluster 5 included 16 cul-

tivars spanning Shanghai, Hunan, Zhejiang, and Jiangsu, highlighting the extensive genetic exchange 

between eastern and central China. Notably, Cluster 6 contained cultivars from Sichuan and Shanxi, 

such as 18z430 (Rong You No.13 Long Pod King) and 18z379 (Detian 118), again reflecting both 

geographical proximity and breeding linkages. Clusters 7 through 12 followed similar patterns, where 

cultivars were grouped based on shared genetic characteristics and geographical origins. 

 For example, Cluster 7 included 18z397 (Xindu Oil 800), 18z420 (Chengyou 11), and others 

from Sichuan and Hubei, while Cluster 8 grouped six cultivars like 18z360 (Defang Oil No. 2) and 

18z375 (Medium Oil 19) from Sichuan. Interestingly, Cluster 9 grouped three cultivars 18z399 

(Fenfei No. 1), 18z388 (CNPC 828) from Henan, and 18z390 (Qinyou No. 2) from Shanxi suggesting 

potential germplasm sharing across regions. The remaining clusters, including Clusters 10, 11, and 12, 

consisted of both Chinese and American varieties, indicating the inclusion of foreign germplasm into 

local breeding programs (Fig. 1).  

This pattern of phylogenetic clustering supports previous findings that emphasize the significance 

of regional breeding history and environmental factors in shaping genetic diversity (Rostazada et al., 

2020; Wu et al., 2019; Zhou et al., 2017). The observed grouping is also consistent with the genome-

wide shattering gene diversity documented by Afridi et al. (2022), where considerable genetic diver-

gence in B. napus and B. juncea was attributed to conserved gene motifs such as SHP1, FUL, and 

IND. These molecular elements likely played a role in defining the clusters in our study. Furthermore, 

Handa (2007) demonstrated that Japanese rapeseed cultivars exhibited similar clustering patterns due 

to interspecific hybridization between B. napus and B. rapa, reinforcing the idea that cross species 

gene flow and selective breeding contribute to genetic structure. The results of agronomic trait evalua-

tions including oil content, protein content, silique number, seeds per silique, and 1000-seed weight 

further supported the clustering findings. Notably, Cluster 8 exhibited the highest mean oil content, 

whereas Cluster 1 had the lowest. Conversely, Cluster 1 had the highest protein content, while Clus-

ters 4, 5, 8, and 10 showed significantly lower protein levels (Fig. 2)  

This inverse relationship between oil and protein content suggests a biochemical trade-off, likely 

rooted in metabolic partitioning within the seed. Such trade-offs have been observed in other crops 

like soybean and indica rice, where genetic and cytoplasmic factors regulate seed composition (Tao et 

al., 2011; Singh, 1972). Yield-related traits varied significantly among clusters. For example, cultivars 

in Cluster 3 and 5 displayed a relatively high number of siliques and seeds per silique, indicating their 

potential utility in yield improvement programs. These observations align with findings by Yang et al. 

(2012), who identified these traits as major contributors to yield in rapeseed. Furthermore, the varia-

tion in seed size (1000-seed weight) among the clusters points to differing breeding goals, with some 

programs favoring oil yield while others emphasize seed size or adaptability.  

The efficacy of SNP markers in detecting heterozygosity and assessing genetic relationships was 

clearly demonstrated in this research. SNPs provided a powerful tool for high-resolution mapping, 

genome-wide association studies (GWAS), and trait dissection, as also discussed by Bus et al. (2014). 

Their application in this study allowed for precise delineation of cultivar groups and identification of 

potential parental lines for future crosses. In addition, genotype-by-environment interactions were ev-

ident from the observed differences in phenotypic expression among cultivars with similar genetic 

backgrounds. Some cultivars consistently demonstrated strong trait performance across clusters, sug-

gesting possible roles of epigenetic regulation and gene-environment interactions in trait manifesta-

tion. Afridi et al. (2022) noted similar findings in their study of mature siliques in B. juncea, where 

higher gene expression levels of shattering-related genes were linked to environmental influence, im-

plying the role of regulatory divergence. In summary, this integrated analysis of genetic diversity and 
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agronomic traits among 85 B. napus cultivars has provided significant insights into the current struc-

ture of rapeseed germplasm in China. The identified clusters represent genetically distinct groups 

shaped by region, breeding strategy, and environmental adaptation. The results underscore the im-

portance of maintaining broad genetic diversity and utilizing SNP markers in modern rapeseed breed-

ing. Specifically, high-oil cultivars in Cluster 8 and high-protein cultivars in Cluster 1 offer valuable 

genetic material for targeted improvement. These findings will aid in the development of improved 

varieties with balanced seed quality, high yield potential, and enhanced adaptability. 

 

Fig-1: Phylogenetic rare breed grouping in the 85-rapeseed cultivars. Neighbor-joining dendrogram founded on 

5058 SNPs obtained from genotyping by sequencing on 85 Brassica napus L. genotypes imagined in Gener-

ous (V.8.05). Separate collections have remained totaled and color-coded for ease of observing. Each geno-

type 12 cluster maintainer or restorer in the cultivar pollination. (Rostazada et al., 2023). 
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Fig-2: The mean of each agronomic traits in groups. Under the same trait, between different classes were 

marked with different capital letters indicating that the difference reached a significant level of 1%, and with 

different. 
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Fig-3: The mean of each seed quality traits in groups. Under the same trait, between different classes were 

marked with different capital letters indicating that the difference reached the   significant level of 1%, and with 

different lowercase letters indicating. 
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4. Conclusion  

     This study provides a comprehensive integrative assessment of genetic diversity, phylogenetic re-

lationships, agronomic performance, and seed quality traits among 85 Brassica napus L. cultivars us-

ing high-resolution SNP markers and ITS region sequences. The combined molecular and phenotypic 

analyses revealed a high degree of genetic polymorphism and resolved the germplasm into twelve 

distinct genetic clusters, reflecting substantial intra-specific diversity shaped by geographical origin, 

breeding history, and historical germplasm exchange. The clear genetic structuring observed across 

clusters confirms the effectiveness of SNP- and ITS-based phylogenomic approaches for dissecting 

population structure and cultivar relationships in rapeseed. Significant variation was detected among 

cultivars and clusters for key agronomic traits, including plant height, silique number per plant, and 

seed number per silique, single plant yield, and 1000-seed weight, underscoring the availability of 

exploitable genetic variability for yield improvement. Likewise, seed quality traits such as oil content, 

protein content, yellow seed trait, erucic acid.  

The consistently observed inverse relationship between oil and protein content across genetic 

clusters highlights. Cluster-based comparisons further identified valuable germplasm groups, with 

Cluster 8 showing superior oil content and Clusters 3 and 5 displaying favorable yield-related traits, 

while Cluster 1 was characterized by high protein content. These results emphasize the potential of 

cluster-informed selection to guide parental choice, trait introgression, and the design of crossing 

schemes for targeted breeding objectives. The strong association between molecular clustering and 

phenotypic performance demonstrates the practical utility of integrating phylogenomic data with 

field-based evaluations. 

Overall, this research establishes a robust genomic and phenotypic framework for rapeseed im-

provement and highlights the value of high-density SNP genotyping, including 60K SNP chip–based 

approaches, in modern breeding programs. The findings support the strategic use of molecular mark-

ers for marker-assisted selection, population improvement, and future genome-wide association stud-

ies (GWAS). By identifying genetically diverse and agronomically superior germplasm, this study 

contributes to the development of high-yielding, high-quality, and environmentally adaptable Brassica 

napus cultivars, thereby supporting sustainable oilseed production. Despite these strengths, the study 

was limited by the evaluation of phenotypic traits under a single or limited set of environmental con-

ditions, which may restrict the inference of genotype × environment interactions and the stability of 

trait expression across environments. 

5. Acknowledgment  

The authors sincerely appreciate all forms of support and cooperation received during the 

course of this research 

6. Reference  
Abdelmigid, H. M., & El-Sayed, A. (2016). Molecular phylogenetic implications in Brassica napus based on internal tran-

scribed spacer sequences. Journal of genetics, 95(2), 447-451. https://doi.org/10.1007/s12041-016-0631-4  

Afridi, M., Ahmad, K., Malik, S. S., Rehman, N., Yasin, M., Khan, S. M., & Khan, M. R. (2022). Genome-wide identifica-

tion, phylogeny, and expression profiling analysis of shattering genes in rapeseed and mustard plants. Journal of 

Genetic Engineering and Biotechnology, 20(1), 124. https://doi.org/10.1186/s43141-022-00408-2 

Allender, C. J., & King, G. J. (2010). Origins of the amphiploid species Brassica napus L. investigated by chloroplast and 

nuclear molecular markers. BMC plant biology, 10(1), 54. https://doi.org/10.1186/1471-2229-10-54 

Aranzana, M. J., Carbo, J., & Arús, P. (2003). Microsatellite variability in peach (Prunus persica L.): Cultivar identification, 

marker mutation, pedigree inferences, and population structure. Theoretical and Applied Genetics, 106 (7), 

1341–1352. https://doi.org/10.1007/s00122-002-1128-5 

Baraket, G., Chatti, K., Saddoud, O., Mars, M., Marrakchi, M., & Trifi, M. (2009). Comparative assessment of SSR and ITS 

markers for genetic diversity analysis in plants. Plant Molecular Biology Reporter, 27 (3), 345–353. 

https://doi.org/10.1007/s11105-008-0087-5 

https://doi.org/10.1186/s43141-022-00408-2
https://doi.org/10.1007/s00122-002-1128-5
https://doi.org/10.1007/s11105-008-0087-5


 31/ مجله  څېړنیزهعلمي  -علم او فن

 

 

  Bus, A., Körber, N., Snowdon, R. J., & Stich, B. (2011). Patterns of molecular variation in a species-wide germplasm set of 

Brassica napus. Theoretical and applied genetics, 123(8), 1413-1423.  https://doi.org/10.1007/s00122-011-1676-

7 

Chen, B., Xu, K., Li, J., Li, F., Qiao, J., Li, H., & Wu, X. (2014). Evaluation of yield and agronomic traits and their genetic 

variation in 488 global collections of Brassica napus L. Genetic resources and crop evolution, 61(5), 979-999. 

https://doi.org/10. 1007/s10722-014-0091-8 

Chen, W., Zhang, Y., Liu, X., Chen, B., Tu, J., & Tingdong, F. (2007). Detection of QTL for six yield-related traits in 

oilseed rape (Brassica napus) using DH and immortalized F2 populations. Theoretical and Applied Genet-

ics, 115(6), 849-858. https://doi.org/10.1007/s00122-007-0613-2 

Cui, T., Wang, X., & Liu, J. (2023). Genetic variation and correlation of seed quality traits in Brassica napus cultivars. Jour-

nal of Oilseed Research, 40(2), 123–135. 

Cui, T., Wang, X., Wang, W., Cheng, H., Mei, D., Hu, Q., Wei, W., & Liu, J. (2025). Genome-wide association study re-

veals candidate genes regulating plant height and first-branch height in Brassica napus. International Journal of 

Molecular Sciences, 26(11), Article 5090. https://doi.org/10.3390/ijms26115090 

Daun, J. K., Clear, K. M., & Williams, P. (1994). Comparison of three near-infrared reflectance spectroscopy calibrations for 

the prediction of oil, protein, and glucosinolate content in rapeseed. Journal of the American Oil Chemists’ Soci-

ety, 71 (10), 1063–1068. https://doi.org/10.1007/BF02540412 

De Clercq, N. (2005). Determination of fatty acid composition in oilseed rape by gas chromatography. Journal of Chroma-

tography A, 1082 (1), 123–130. 

Delourme, R., Falentin, C., Huteau, V., Clouet, V., Horvais, R., Gandon, B., & Renard, M. (2013). Genetic control of oil 

content in oilseed rape (Brassica napus L.). Theoretical and Applied Genetics, 126 (3), 545–560. 

https://doi.org/10.1007/s00122-012-1998-1 

Fayyaz, L., Iqbal, S., Shah, S. M., & Iqbal, M. (2014). Genetic variability and correlation analysis in Brassica napus L. Jour-

nal of Agricultural Research, 52 (1), 45–53. 

  Handa, H. (2007). Investigation of the origin and transmission of linear mitochondrial plasmid based on phylogenetic anal-

ysis in Japanese rapeseed varieties. Genome, 50(2), 234-240. https://doi.org/10.1139/G06-150 

Hua, W., Li, R. J., Zhan, G. M., Liu, J., Li, J., Wang, X. F., & Wang, H. Z. (2012).   Maternal control of seed oil content in 

Brassica napus: the role of silique wall photosynthesis. The Plant Journal, 69(3), 432-

444.  https://doi.org/10.1111/j.1365-313X.2011.04802.x 

Jørgensen, R. B., Andersen, B., & Hauser, T. P. (2003). The role of gene flow in the spread of transgenes in plants. Plant 

Biology, 5 (2), 123–130. https://doi.org/10.1055/s-2003-44782 

Kanwal, M., & Nawaz, I. (2014). Genetic diversity analysis of Brassica napus/Brassica campestris progenies using microsat-

ellite markers. Pak. J. Bot, 46(3), 779-787. 

Li, P., Xue, W. J., Feng, Y., & Mao, Q. S. (2016). Long non-coding RNA CASC2 suppresses the proliferation of gastric 

cancer cells by regulating the MAPK signaling pathway. American journal of translational research, 8(8), 3522. 

Liu, Y., Zhang, W., & Chen, H. (2022). Relationships between oil content and protein concentration in rapeseed (Brassica 

napus). Crop Science, 62(5), 2101–2112. https://doi.org/10.1002/csc2.20727 

Lu, K., Wei, L., Li, X., Wang, Y., Wu, J., Liu, M., & Li, J. (2019). Whole-genome resequencing reveals Brassica napus 

origin and genetic loci involved in its improvement. Nature communications, 10(1), 1154. 

https://doi.org/10.1038/s41467-019-09134-9 

Parolin, P., Ferreira, L. V., & Junk, W. J. (2002). Central Amazonian floodplain forests: Tree adaptations in a pulsing sys-

tem. The Botanical Review, 68 (3), 345–387. https://doi.org/10.1663/0006-

8101%282002%29068[0345:CAFFTA]2.0.CO;2 

Rostazada, M. D., Hazim, Z., Shirzad, J., & Sharifi, M. A. (2023). Assessment of Genetic Configuration Rapeseed (Brassica 

napus L.) Cultiva. Engineering & Technology Quarterly Reviews, 6(1). Doi: 10.5281/zenodo.7845045   

Shang, L., Zhao, W., Guo, K., Zhang, L., Luo, B., Zhao, Y., & Wang, H. (2021). Principal component analysis of main ag-

ronomic traits in Brassica napus population. Chinese Agricultural Science Bulletin, 37(28), 9–13. 

https://doi.org/10.11924/j.issn.1000-6850.casb2020-0808 

Shen, J., Fu, T., Yang, G., & Yang, T. (2005). Genetic effects on yield and its components in Brassica napus crosses. Plant 

Breeding, 124 (6), 605–610. https://doi.org/10.1111/j.1439-0523.2005.01102.x  

Singh, L., & Hadley, H. H. (1972). Maternal and Cytoplasmic Effects on Seed Protein Content in Soybeans, Glycine max 

(L.) Merrill 1. Crop Science, 12(5), 583-585. https://doi.org/10.2135/cropsci1972.0011183X001200050006x    

Singh, R. J. (1972). Genetic control of seed protein content in soybean. Crop Science, 12(4), 492–493. 

https://doi.org/10.2135/cropsci1972.0011183X001200040036x   

Sun, F., Fan, G., Hu, Q., Zhou, Y., Guan, M., Tong, C., & Wang, H. (2017). The high‐quality genome of Brassica napus 

cultivar ‘ZS 11’reveals the introgression history in semi‐winter morphotype. The Plant Journal, 92(3), 452-468. 

https://doi.org/10.1111 /tpj. 13666    

Tao, D., Hu, F., Yang, J., Yang, G., Yang, Y., Xu, P., & Dai, L. (2004). Cytoplasm and cytoplasm-nucleus interactions affect 

agronomic traits in japonica rice. Euphytica, 135(1), 129-134. https://doi.org/10.1023/B:EUPH.0000009548. 

81467.73 

https://doi.org/10
https://doi.org/10.3390/ijms26115090
https://doi.org/10.1007/BF02540412
https://doi.org/10.1007/s00122-012-1998-1
https://doi.org/10.1139/G06-150
https://doi.org/10.1111/j.1365-313X.2011.04802.x
https://doi.org/10.1055/s-2003-44782
https://doi.org/10.1002/csc2.20727
https://doi.org/10.1663/0006-8101%282002%29068%5b0345:CAFFTA%5d2.0.CO;2
https://doi.org/10.1663/0006-8101%282002%29068%5b0345:CAFFTA%5d2.0.CO;2
https://doi.org/10.11924/j.issn.10006850.casb20200808
https://doi.org/10.1111/j.1439-0523.2005.01102.x
https://doi.org/10.2135/cropsci1972.0011183X001200050006x
https://doi.org/10.2135/cropsci1972.0011183X001200040036x
https://doi.org/10.1111%20/tpj.%2013666
https://doi.org/10.1023/B:EUPH.0000009548


 ش .هـ ۱۴۰۴( ۶۳) ۴ګڼه  / 32

 

 

Tao, D., Xu, P., Zhou, J., Deng, X., Li, J., Deng, W., & Hu, F. (2011). Cytoplasm affects grain weight and filled-grain ratio 

in indica rice. BMC genetics, 12(1), 53. https://doi. org/10.1186/1471-2156-12-53 

  Tao, D., Xu, P., Zhou, J., Deng, X., Li, J., Deng, W., Yang, J., Yang, G., Li, Q., & Hu, F. (2011). Cytoplasm affects grain 

weight and filled-grain ratio in indica rice. BMC genetics, 12, 53. https://doi.org/10.1186/1471-2156-12-53 

Wu, D., Liang, Z., Yan, T., Xu, Y., Xuan, L., Tang, J., & Jiang, L. (2019). Whole-genome resequencing of a worldwide 

collection of rapeseed accessions reveals the genetic basis of ecotype divergence. Molecular plant, 12(1), 30-43. 

https://doi.org/ 10.1016/j.molp.2018.11.001 

  Wu, J., Liu, Y., Tang, L., Zhang, F., Chen, J., Hu, J., Liu, S. (2019). Genetic diversity and evolution of Brassica napus ac-

cessions revealed by whole-genome resequencing. Molecular Plant, 12 (1), 85–100. 

https://doi.org/10.1016/j.molp. 2018.11.008 

Xia, J., Zhan, L., Zhang, J., Song, W., & Xu, X. (2024). Identification of rapeseed (Brassica napus L.) plant height-

associated QTL using BSA-seq and RNA-seq. International Journal of Molecular Sciences, 25(18), 9875. 

doi: 10.3390/ijms25189875 

  Yang, X., Zhang, W., He, H., Nie, Y., Cheng, Y., Zheng, Y., Liu, K. (2012). Genetic analysis of yield traits in rapeseed 

(Brassica napus L.). Euphytica, 186, 351–361. https://doi.org/10.1007/s10681-011-0574-0  

Zhang, L., Zhao, Y., & Wang, H. (2021). Influence of seed coat color on rapeseed oil and protein content. Plant Breeding, 

140(3), 431–439. https://doi.org/10.1111/pbr.12901 

Zhou, Q., Zhou, C., Zheng, W., Mason, A. S., Fan, S., Wu, C., & Huang, Y. (2017). Genome-wide SNP markers based on 

SLAF-seq uncover breeding traces in rapeseed (Brassica napus L.). Frontiers in Plant Science, 8, 648. 

https://doi.org/10.3389/fpls. 2017. 00648 

  Zhou, Y., Tan, C., Cui, K., Li, X., Chen, J., Yao, Y., Tu, J. (2017). Genetic dissection of seed quality traits in rapeseed us-

ing a high-density SNP linkage map. The Plant Journal, 91 (4), 816–830.  https://doi.org/10.1111/tpj.13503      

Zou, J., Mao, L., Qiu, J., Wang, M., Jia, L., Wu, D., & Fan, L. (2019). Genome‐wide selection footprints and deleterious 

variations in young Asian allotetraploid rapeseed. Plant Biotechnology Journal, 17 (10), 1998–2010. 

https://doi.org/10. 1111/pbi. 13111 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi/
https://doi.org/
https://doi.org/10.1016/j.molp.%202018.11.008
https://doi.org/10.3390/ijms25189875
https://doi.org/10.1007/s10681-011-0574-0
https://doi.org/10.1111/pbr.12901
https://doi.org/10.3389/fpls.%202017.%2000648
https://doi.org/10.1111/tpj.13503
https://doi.org/10.%201111/pbi.%2013111

