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Abstract: Genetic diversity (GD) helps in the selection of valuable parents 

which is the key to improving heterosis breeding and thus GD within the 

collected or derived germplasm should be explored. The present study aims 

to quantify the GD of restorer lines of rapeseeds based on seed yield com-

ponents. An experiment was conducted in a Randomized Complete Block 

Design with three replications. The first four principal components ex-

plained 35%, 24%, 16% and 10% of total variance, respectively. PC1 exhib-

ited a positive relationship with branches/plant, pods/plant, thousand-seed 

weight, and seed yield/plant. The PC1 and PC2, projected branches/plant 

and pods/plant, showed a positive correlation with seed yield/plant. There 

were also positive correlations among plant height and days with first 

blooming and 100% flowering and maturity. Cluster study revealed that the 

restorer lines were clustered into 4 clusters where Tori was the only one 

(cluster 4) that did not coalesce with the rest of the R lines. Clusters 1-3 

consist of 10, 13 and 11 R lines. Based on the above findings, diverse geno-

types can be selected for the development of high-yielding variety through 

hybridization. 
 

1 Introduction 

 

The three Brassica species, Brassica napus, 

Brassica campestris and Brassica juncea, are rec-

ognized as important and the third global oil crop 

(Downey 1990). Brassica napus belongs to the 

family Brassicaceae and bears bright yellow flow-

ers; it is an amphidiploid (2n=38), developed by a 

cross between Bassica oleracea (2n=18) and Bras-

sica rapa (2n=20) (Kimber and McGregor 1995). 

The oil of Brassica species is known as mustard oil 

in Bangladesh and occupies the first position 

among all oilseed crops in terms of area and production 

(BBS 2022). There are a few varieties of Brassica na-

pus released locally as BARI Sharisha 7, BARI Shari-

sha 8, BARI Sharisha 13, BARI Sharisha 18 and BU 

Sharisha 1; the first four varieties were released by 

Bangladesh Agricultural Research Institute (BARI) 

while the later variety was released by Bangabandhu 

Sheikh Mujibur Rahman Agricultural University. The 

yield of these varieties is not satisfactory compared to 

the world standard and ranges from 1.5-2.5 t/ha (Man-

dal et al 2002, Miah et al 2015). There is need of the 
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improvement of Brassica napus varieties with en-

hanced yields with early maturity, non-shattering 

characteristics, tolerant to stresses and acceptable 

oil quality. 

The seeds of Brassica napus are considered a 

rich source of oil containing 40-45 % oil depending 

on the species and the climatic condition. The oil 

contains 20-25 % oleic acid, 5-7% saturated fatty 

acids and a high content of polyunsaturated fatty 

acids (10% linolenic acid and 17-21% linoleic 

acid). However, mustard oil as edible oil, faces a 

problem of containing a high level of erucic acid 

and glucosinolate (Mondal and Khajuria 2000, 

Mandal et al 2002). There are several ways to im-

prove varieties of mustard with increased seed 

yield such as crossbreeding followed by selection, 

hybrid breeding, ideotype breeding and genomic 

approaches (Khush 2013). There is potential and 

great interest in the hybrid breeding of Brassica na-

pus but the major obstacle is the shortage of diverse 

restorer lines giving hybrid vigor (Szała et al 2016). 

Knowledge of the genetic diversity of parental gen-

otypes of any crop is essential for its improvement 

through successful breeding (Belaj et al 2002). 

Hence, breeders must have knowledge of genetic 

resources and the extent of genetic diversity of the 

crops (Kahani and Hittalmani 2015). The crosses 

between diverse genotypes yielded desirable re-

combinants in their progeny (Kahani and Hittal-

mani 2015). Typically, morphological, phenologi-

cal and agronomic traits are used to estimate ge-

netic diversity. Therefore, the main objective of 

this research is to assess the genetic diversity of the 

restorer lines of Brassica spp. through principal 

component and biplot analyses. 
 

2 Materials and Methods 
 

2.1 Climate and Site of the Experiment 
 

The experiment was carried out in the Research 

Farm of Genetics and Plant Breeding Department 

of Bangabandhu Sheikh Mujibur Rahman Agricul-

tural University, Gazipur in the winter season (pe-

riod from November to April). The soil of the ex-

perimental farm was acidic in nature with a pH of 

5.5 and the soil texture was silt-loam. It was situ-

ated under a sub-tropical climatic zone having high 

rainfall during months from May to September, and 

scanty from October. During the experimental pe-

riod, the average daily temperature was 26.92°C 

(max) and 17.33°C (min), rainfall was 8.52 mm per 

month and relative humidity was 85.63%.  
 

2.2 Experimental Materials 
 

Thirty-four selected R lines of Brassica napus and 

Tori (Brassica rapa) genotypes were used to study their 

genetic diversity and yield performance. The R lines 

were developed through the segregation of Brassica na-

pus hybrids followed by selection based on different 

traits (flowering time, fertility status, plant height, 

pods/plant, pod length, seeds/pod, and seed yield/plant) 

(Islam et al 2020 a, b). 

 

2.3 Soil Fertility and Crop Management 

 

The fertility of the soil of the experimental field was 

ensured by applying urea, TSP, MoP, gypsum, Zinc 

sulfate and cow dung @ 270, 170, 100, 150, 5 kg/ha 

and 10 M ton/ha respectively. The whole quantity of 

cow dung, TSP, MoP, gypsum, zinc sulfate and half of 

the urea were applied during the final land preparation. 

The remaining urea was top-dressed 30 days after seed-

ling emergence. Intercultural operations were done 

when necessary for the proper growth and development 

of the plants (Khaleque 1985 and Saha et al 2011). The 

first weeding and thinning was done after 10 days of 

emergence of seedlings and the second weeding was 

done 30 days after emergence and top dressing of urea. 

Irrigation was done when there was a shortage of water 

in the crop field. The foliar spray was applied with Mal-

athion 57EC at an interval of 15 days to control aphid 

infestation as recommended by Khaleque (1985). 

 

2.4 Experimental Design 

 

The seeds of the restorer lines of rapeseed and Tori 

genotypes were planted with a row spacing of 30 cm 

and plant spacing of 15 cm within the row. The experi-

ment was laid out in a Randomized Complete Block 

Design (RCBD) with three replications. 

 

2.5 Data Collection 

 

Ten traits were selected to collect data i.e. days to 

first flowering (DFF), days to 100% flowering (DHF), 

days to maturity (DTM), primary branches/plant 

(NBP), plant height (PHT), pods/plant (NPP), pod 

length (PLT), seeds/pod (NSP), 100-seed weight 

(TSW) and seed yield/plant (SYP). Data on each trait 

was collected from five randomly selected competitive 

plants of each entry and replication. 

 

2.6 Data Analysis 

 

Data on different traits were analyzed by using the 

computer-based software ‘STAR’ (Statistical Tools for 
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Agricultural Research, http://bbi.irri.org). Analysis 

of variance was computed according to Panse 

(1957). Principal Components Analysis (PCA) was 

done by software R (Team RC  2021). The maxi-

mum amount of variance of the original image ac-

counts for the first principal component and the re-

maining variances account for the subsequent com-

ponents (Torbick and Becker 2009). Agglomera-

tive hierarchical clustering was done following the 

method given by Anderberg (1973). PCA scores 

for 25 genotypes of F2 generation were used as in-

put for clustering. The data matrix was homoge-

nized with column standardized function i.e., CA-

Q Analysis. For linkage analysis, the resemblance 

coefficient was measured between pairs of geno-

types, where 25 genotypes were taken in a data ma-

trix and the data were converted into a distance ma-

trix (similarity matrix). The distance matrix was 

transformed into a dendrogram using Ward’s tech-

nique (Ward 1963). 
 

3 Results and Discussion 
 

3.1 Analysis of Variance 
 

The analysis of variance (ANOVA) for 10 

yield-related traits was carried out with 35 R lines 

of Brassica napus including Tori-7. ANOVA re-

vealed highly significant variability among studied 

materials (Table 1) which confirms the presence of 

remarkable genetic variability among the lines. 

Box plot or box-whisker plot (Fig 1A-1I and Fig 

2) present a graphical image of the concentration of 

the data. It also represents the extreme values far 

from most of the data. These values were used to 

compare how close or far one data was from the 

other data values. 

 

3.2 Variability Analysis 

 

Days to first flowering ranged from 28 to 67 

days among the R lines of Brassica napus under 

study. It showed a normal distribution and the max-

imum values ranged from 32 to 49 (Fig 1A). There 

were five out layers which placed distant from the 

line of average values in the boxplot. The lowest 

value in the out layer was observed in Tori while 

the remaining layers were observed in BNR-037, 

BNR-038, BNR-042 and BNR-043. These five 

lines showed much variation from other lines and 

were late in the first flowering.  

On the other hand, maximum values for days to 

100% flowering ranged from 41 to 74 days. Box-

plot showed four out layers which showed much 

more variability than the other lines and were distrib-

uted as positively skewed. Days to maturity varied from 

73.66 to 117.66 days among the R lines. Rameeh (2015) 

reported a similar maturity range in oilseed mustard. 

Boxplot indicated that their maximum values ranged 

from 79 to 113 days. Three out layers were far distant 

from the others; these lines are Tori, BNR-042 and 

BNR-043 (Fig 1C). The boxplot revealed the greater 

spread of data (73.66 to 117.66 days) for days to ma-

turity while the distribution for this set was positively 

skewed. The mean number of primary branches per 

plant ranged from 2.9 to 4.4 (Fig 1D). There were four 

out layers observed in this boxplot. Tori showed the 

maximum primary branches/plant which was more dis-

tant from the others; the distribution of this set was 

right-skewed. Plant height is a good indicator of the 

growth and development of a plant. Thirty-five R lines 

were studied and they ranged between 1.00 m to 1.80 

m for plant height. The maximum value in the boxplot 

ranged from 1.0 to 1.8 cm for the character plant height. 

There was one out layer which was at 1.8 cm and the 

line was BNR 038 (Fig 1E). This line showed much 

variability with other lines and the distribution was 

right-skewed.  

A significant amount of variation was observed for 

pods/plant among the R-lines. Rameeh (2012) reported 

similar results in rapeseed. Maximum values for the 

number of pods/plant varied between 100 and 230 (Fig 

1F). There was a single-out layer for the number of 

pods/plant which was more than 600. ‘Tori’ repre-

sented the out layer and showed much more variability 

with other lines. This line represented the largest spread 

of values in the boxplot and a positively skewed distri-

bution was observed. 

The line BNR-018 produced the longest pod (8.50 

cm) and the shortest in the line BNR-019 (5.19 cm). 

The maximum lines for pod length ranged from 6.3 to 

8.5 cm. There was a single-out layer and it was the re-

storer line BNR-019 and its value was much less than 

that of the average value. This line showed much more 

variability than other lines. The distribution for this set 

was right-skewed. The line BNR-027 produced the 

highest number of seeds/pod (31.00) and the lowest in 

Tori (19.33). Box plot-8 represented the maximum 

number of seeds/pod which varied between 19.5 and 

31. There were no out layers, which means that the lines 

showed less variability among themselves while the 

distribution of lines in the graph was left-skewed. 

The thousand seed weight of the lines varied from 

2.10 g to 3.93 g. The highest weight was observed in 

the line BNR-030 (3.86 g) followed by lines BNR-016 

(3.63 g) and BNR-029 (3.53 g). Box plot-9 represented 

the majority of the lines for thousand seed weights 

ranging from 1.5 to 3.6 g. There were two out layers 

http://bbi.irri.org/
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which were represented by the lines BNR-030 and 

BNR-016. These lines did not show much more 

variability among each other and were distributed 

as negatively skewed. Seed  yield  per   plant   

showed  a  significant  amount of variability among 

the lines under study. Ali et al (2013), Chen et al (2014) 

and Islam  

et al (2020 a, b) also  described  significant  variations 

 

Table 1. Analysis of variance for 10 agronomic traits of 34 selected R lines of Brassica napus and Tori genotype 

 

Source of 

variation 

df Mean sum of square 

DFF DHF DTM NBP PHT NPP PLT NSP TSW SYP 

Replication 2 13.15 135.20 10.06 0.26 0.03 2349.84 0.23 3.98 0.00 6149621.67 

Genotype 27 223.34** 513.26** 296.01** 1.33** 0.12** 20321.41** 1.18 20.74** 0.50 61412378.59** 

Error 54 10.31 10.94 2.96 0.20 0.01 1080.42 0.05 2.95 0.00 2907884.13 

*, ** represent significant at 5% and 1% level, respectively; df= degree of freedom. DFF- days to first flowering, DHF- 

days to 100% flowering, DTM-days to maturity, NBP-number of primary branches per plant, PHT- plant height, NPP- 

number of pods per plant, PLT- pod length, NSP- number of seeds per pod, TSW- thousand seeds weight, SYP-seed yield 

per plant. 

 

 

 

 

 

 
 
Fig 1. Boxplot - Upper and lower quartiles with median values for (A) days to first flowering, DFF; (B) days to 100% 

first flowering, DHF; (C) days to maturity, DTM; (D) number of primary branches per plant, NBPP; (E) plant height, PH; 

(F) number of pods per plant, NPPP; (G) pod length, PL; (H) number of seeds per pod, NSPP; and (I) thousand seeds 

weight, 1000-SW 
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in seed yield/plant in rapeseed mustard. Maximum 

seed yield/plant (32.45 g) was found in Tori-7 and 

the minimum in the line BNR-024 (6.36 g). Fig 2 

represented the variations among maximum lines 

which ranged from 7.0 to 17.0 g. There was a sin-

gle-out layer which was represented by Tori-7 and 

yielded much more than the others; it showed extra 

variability with others. Fig 2 represented the bigger 

spread of values and positively skewed distribution 

for seed yield/plant. 

 

 

 
Fig 2. Boxplot presenting median value, quartiles,  

outliers for seed yield per plant, SYPP (g). 

 

 

3.3 Principal Component Analysis 

 

The principal component analysis (PCA) was 

employed to identify the key variance components 

and their roles (Héberger et al 2003). The PCA re-

vealed ten principal components representing 

100% of the total variance among the 35 selected 

R lines (Table 2). The first four components ac-

counted for 86.05% of the variance, with PC1 con-

tributing the most (35%). Paulauskas et al (2013) 

and Sandhu et al (2017) stated that four to five prin-

cipal components contributed to maximum diver-

gence in Brassica napus genotypes. The characters 

such as number of branches/plant (0.24), number of 

pods/plant (0.29), thousand seed weight (0.18), and 

seed yield/plant (0.29) contributed more positively 

to the PC1. On the other hand, first flowering time 

(-0.44), 100% flowering time (-0.46), maturity time 

(-0.45), height of the plant (-0.27), length of pod (-

0.06) and seeds/pod (-0.17) showed negative rela-

tion with PC1. An eigenvalue less than one does 

not have any practical significance (Brejda et al 2000). 

The maximum Eigenvalue was considered the best at-

tribute of the principal component (Ojha et al 2017). In 

addition, all the characters exhibited a positive correla-

tion with PC2 except seeds/pod (-0.15). On the other 

hand, PC3 exhibited a positive association with days to 

first flowering time (0.06), days to 100% flowering 

time (0.05), maturity time (0.10), number of 

branches/plant (0.03), number of pods/plant (0.19); the 

rest of the characters showed a negative association. 

The component PC4 also exhibited a positive correla-

tion with first flowering time (days), maturity time 

(days), number of branches/plant, height of the plant 

(m), number of pods/plant, thousand seed weight (g) 

and seed yield/plant (g). 

Fig 3 shows that the maximum variation of the se-

lected 10 characters lay between principal components 

1 and principal component 4. Thus, these four principal 

components could be considered to explain variability. 

The rest principal components did not show a consider-

able amount of variation. 

PC1 and PC2 were plotted to detect the association 

between the ten characters of Brassica napus R lines. 

The projection of PC1 and PC2 components revealed 

that branches/plant and pods/plant were positively as-

sociated with seed yield/plant. Fig 4 shows that the gen-

otype Tori presents in the second quartile. A number of 

primary branches/plant and pods/plant showed a posi-

tive relationship with the seed yield/plant and ulti-

mately increased the yield in Brassica napus. Pod 

length and thousand seed weight had a very low impact 

on seed yield per plant. Again, days to first flowering 

time, days to 100% flowering time, and days to ma-

turity time showed a positive relationship with each 

other. In the first quartile, the numbers 31, 32, 33 and 

34 represent the Brassica napus R lines BNR-037, 

BNR-038, BNR-042 and BNR-043, respectively. Plant 

height also possessed a positive relationship with DFF, 

DHF and DTM. On the other hand, number of seeds per 

pod had no remarkable relationship with seed 

yield/plant (Fig 4). Thus, rapeseed lines placed in the 

desired quartile (upper or lower) and outliers for mean 

performances of specific characters can be selected for 

the improvement of Brassica napus variety. 

 
3.4 Cluster Analysis 

 
The primary gene pool of rapeseed only consists of 

the cultivated species Brassica napus which shows 
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maximum genetic diversity (Weise et al 2023). In 

general, the lines coming from the same sources 

and/or related by pedigree or derived from 

germplasm having common traits are clustered to-

gether. The cluster analysis separates the lines or 

accessions into different clusters (Ahmad et al 2014). 

The dendrogram was constructed  using  Euclidian dis-

tance among mean values  

 

Table 2. Variation among Brassica napus R lines and Tori genotype accounted for ten principal components 

 
Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 

Days to first flowering (DFF) -0.44 0.29 0.06 0.11 0.05 -0.17 0.02 -0.68 -0.44 0.00 

Days to 100% flowering (DHF) -0.46 0.26 0.05 -0.02 0.13 -0.26 -0.03 -0.01 0.78 0.02 

Days to maturity (DTM) -0.45 0.24 0.10 -0.15 0.15 -0.11 0.04 0.71 -0.41 0.03 

Number of primary branches per plant (NBP) 0.24 0.48 0.03 0.07 0.11 0.14 -0.81 0.02 -0.02 -0.05 

Plant height (PHT) -0.27 0.21 -0.40 0.01 -0.77 0.32 -0.02 0.06 0.03 -0.01 

Number of pods per plant (NPP) 0.29 0.48 0.19 0.04 -0.04 0.13 0.35 -0.01 0.03 0.69 

Pod length (PLT) -0.06 0.15 -0.48 -0.60 0.44 0.37 0.12 -0.08 -0.01 -0.01 

Number of seeds per pod (NSP) -0.17 -0.15 -0.32 0.72 0.36 0.38 0.10 0.01 0.06 0.16 

Thousand seeds weight (TSW) 0.18 0.00 -0.65 0.05 0.00 -0.66 -0.09 0.05 -0.08 0.27 

Seed yield per plant (SYP) 0.29 0.46 -0.12 0.26 0.06 0.08 0.42 0.05 0.03 -0.63 

% of explained variance 0.35 0.25 0.16 0.10 0.05 0.03 0.03 0.01 0.00 0.00 

Cumulative% of explained variance 0.35 0.59 0.75 0.86 0.91 0.94 0.97 0.99 0.99 1.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 3. Scree plot showing eigenvalues in response to the number of components 
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Fig 4. Principal component biplot for yield in Brassica genotypes 

 

 

of morpho-agronomic traits and cluster analysis 

(Fig 5). All the Brassica napus R lines were di-

vided into five main clusters (Fig 5). Sandhu et al 

(2017) used a similar method for determining the 

genetic diversity of some oil seed rape genotypes. 

In the dendrograms, genotypes are presented on the 

horizontal axis and the Euclidean distances are on 

the vertical axis. Based on cluster analysis, four 

major clusters existed within the material. The gen-

otype Tori was the only one (cluster 4) that was not 

classified with the rest of the Brassica napus R 

lines. Ahmad et al (2014) reported a substantial 

amount of genetic diversity detected in restorer in-

breds of Brassica napus L., but not within the same 

cluster. 

Cluster 1 consists of 10 R lines (BNR-024, 

BNR-003, BNR-022, BNR-023, BNR-026, BNR-

011, BNR-012, BNR-010, BNR-008 and BNR- 

009), cluster 2 consists of 13 lines (BNR-006, BNR-

018, BNR-030, BNR-014, BNR-035, BNR-004, BNR-

025, BNR-015, BNR-001, BNR-002, BNR-038, BNR-

019 and BNR-020) and cluster 3 contains 11 lines 

(BNR-021, BNR-029, BNR-007, BNR-027, BNR-016, 

BNR-017, BNR-032, BNR-037, BNR-042, BNR-043 

and BNR-13). All lines with late flowering and ma-

turity are clustered in cluster 3. Paulauskas et al (2013) 

and Sandhu et al (2017) quantified genetic diversity in 

Brassica napus genotypes through principal compo-

nents and cluster analysis. Restorer lines with genetic 

diversity can be utilized in the production of hybrids of 

Brassica napus (Ahmad et al 2014). The diverse geno-

types are also a potentially valuable source for the im-

provement of rapeseed variety tolerant against biotic 

and abiotic stresses and heterosis. These lines can also 

be used to widen the genetic base of the germplasm 

(Wu et al 2014, Houmanat et al 2023). 
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Fig 5. Dendrogram indicating the mutual relationships among 34 Brassica napus L. R lines and Tori-7 

for seed yield-related traits 

 

 

4 Conclusion 

 

The variance estimated for seed yield and re-

lated traits of 35 Brassica napus R lines and Tori 

genotype showed highly significant genetic varia-

tions for most of the studied characters. Boxplot 

showed three out layers for days to maturity; the 

earliest one was Tori while the latest were BNR-

042 and BNR-043. For thousand seed weight, there 

were two out layers, BNR-030 and BNR-016 

which produce the heaviest or bold seeds among 

the lines. Biplot analysis exhibited positive corre-

lations for plant height with days to first flowering, 

100% flowering, and days to maturity. It was evi-

dent from principal component analysis that PC1 

exhibited a positive relationship with 

branches/plant, pods/plant, thousand-seed weight, 

and seed yield/plant. Dendrogram grouped 35 gen-

otypes into four major clusters where Tori re-

mained in one (cluster 4) and the rest of the Bras-

sica napus R lines were grouped into three clusters, 

10 R lines in cluster 1, 13 R lines in cluster 2 and 

11 R lines in cluster 3. 
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