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Abstract

Tocopherol (vitamin E) is considered an important vitamin carrying antioxidant properties. It plays a vital role in 
maintaining the quality and stability of the oil in Brassica species. Evaluation of genetic diversity and the choice of 
parents is the crucial step to augmenting the desired improvement of crops towards oil stability and quality 
improvement. In the present study, 96 Indian mustard genotypes were studied for genetic diversity employing cluster 
and principal component analysis (PCA) at ICAR-Indian Agricultural Research Institute, New Delhi during 2018-19. 

2Mahalanobis D  statistics revealed six clusters where cluster II represented highest 23 genotypes, and cluster V with 
lowest 6 genotypes. The maximum inter-cluster distance was observed between clusters V and VI (403.4) followed by II 
and V (327.7) indicating more diversity between clusters. First two PCs accounted for 99% of total genetic variability 
using PCA. Furthermore, two diverse and complementary parents (Pusa Mahak and CN-101845) were identied that 
possessed complement traits, viz., high GTC and TTC (Pusa Mahak), and high AGR (CN-101845). Therefore, Pusa 
Mahak and CN-101845 genotypes could be considered as donor parents for different traits to increase tocopherol 
content in Indian Mustard.
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Introduction

Indian mustard [Brassica juncea (L.) Czern. & Coss.] is 
an important oilseed crop that is widely cultivated in 
many countries of the world including India, China, and 
Canada. The most prevalent forms of vitamin E in Indian 
mustard oil are α-and γ-tocopherol, whereas a trivial 
amount of δ-tocopherol is also reported (Yusuf and 
Sarin, 2007; Gupta et al., 2015). Amongst the four 
isoforms (α, β, γ and δ), a-tocopherol has the utmost 
activity in humans for various purposes (Rizvi et al., 
2014). For instance, it acts as an antioxidant that protects 
the plant from the damage caused by harmful free radical 
molecules. In addition, a-tocopherol is considered the 
most effective antioxidant due to its high free radical 
scavenging activities (Rizvi et al., 2014; Nimse and Pal, 
2015). The cultivation of Indian mustard as a major 
oilseed crop is pivotal for various industrial and culinary 
applications, necessitating the enhancement of its 
stability and antioxidant properties. Achieving this 
improvement mandates the exploration of genetic 
diversity within the mustard genotypes for effective 
selection processes. Interestingly, prior to this study, 
there was a notable dearth of research focusing on the 
genetic diversity of Indian mustard.
Understanding and evaluating the entirety of genetic 
diversity within a crop's gene pool is a challenging task. 

Consequently, there is an increasing imperative for plant 
breeders to establish an optimal set of plant traits that can 
elucidate the variability within the population more 
effectively, spanning the entire crop growth cycle from 
sowing to  harves t .  This  approach has  been 
acknowledged in previous research (Saroj et al., 2021; 
Meena et al., 2022; Guguloth et al., 2023; Singh et al., 
2024) as an essential strategy for facilitating the 
selection of superior genotypes. To harness the benets 
of transgressive segregation, particularly in critical 
characteristics such as tocopherol traits, knowledge 
about the genetic distance between parental plants 
becomes crucial (Goffman and Becker, 2002). The 
genotypic improvement of plants in breeding programs 
is heavily reliant on the extent of genetic diversity 
present in the population (Meena et al., 2021). The 
current investigation aims to evaluate the overall 
diversity among Indian mustard genotypes using 
multivariate analysis. The primary objective is to 
identify promising parent plants that can contribute to 
the augmentation of tocopherol content, thereby 
enhancing the self-life of the oil produced and fortifying 
its antioxidant properties. This research is expected to 
signicantly contribute to the understanding of the 
genetic landscape of Indian mustard, paving the way for 
targeted and effective breeding programs focused on 
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improving the crop's nutritional and storage-related 
attributes.

Materials and Methods

In the current study, a comprehensive panel comprising 
96 genotypes of Brassica juncea was assembled, 
encompassing varieties, cultivars, introgression lines, 
derived lines, as well as exotic and indigenous 
collections. This panel was raised at the experimental 
farm of the Division of Genetics, ICAR-Indian 
Agricultural Research Institute, New Delhi (28°380 N, 
77°090 E, and 228.61 MSL), India during the 2018-19 
growing season. The experimental trials were organized 
in a randomized alpha lattice design with two 
replications, where each plot was composed of four rows 

2measuring 2 m in length, resulting in a plot size of 2.4 m .
The assessment of tocopherol traits, namely ATC (α-
tocopherol content), DTC (β-tocopherol content), and 
GTC (γ-tocopherol content) in harvested seeds was 
conducted through high-performance l iquid 
chromatography (HPLC) (Fritsche et al., 2012). In this 
process, 50 mg of freshly harvested seeds were ground in 
1500 µL of n-heptane, and the resulting tocopherol 
solution was incubated at -20°C for 2 hours. 
Subsequently, 20 µL of this solution was subjected to 
HPLC analysis .  A s i l ica  gel  column (5 µM 
LiChrospher® Si 60, Merck, Darmstadt, Germany) was 
utilized for tocopherol extraction, employing a mobile 
phase consisting of an n-heptane/isopropanol mixture 
(99 + 1; v + v). Tocopherols were quantied using 
uorescence detection with excitation at λ = 290 nm and 
emission at λ = 328 nm. Retention times were compared 
with Merck's tocopherol kit (Merck, Darmstadt, 
Germany) to identify specic tocopherol forms (GTC: 
8.9 min and ATC: 10.6 min), and the concentration of 
each tocopherol form was calibrated based on signal 
output. Linear calibration ranges were established for the 
concentration of the analyzed samples. The tocopherol 
composition was expressed as the ratio of ATC to GTC, 
referred to as AGR (α- by γ- tocopherol content ratio) and 
the TTC (total tocopherol content) was the sum of ATC, 
DTC and GTC. To analyze the eld data and identify 

2promising parents, D  statistics (Mahalanobis, 1928; 
Harman, 1976), principal component analysis (PCA), 
and agglomerative hierarchical clustering (Ward's 
method) were employed. The STAR version 2.0.1 
(STAR, 2014) software was used for both principal 
component analysis and agglomerative hierarchical 
clustering.

Results and Discussion
2Genetic diversity employing Mahalanobis D  

statistics

Total 96 genotypes, accessed from different origins, 
were clustered into six groups (Table 1). The 

constellation of grouping exhibited a maximum number 
(23) of genotypes in cluster II followed by cluster I with 
21 genotypes, and lowest number of genotypes (6) were 
observed under cluster V. 

The advantage of genetic diversity analysis based on 
2Mahalanobis D  distance over the euclidian distance is 

that it can take account of the correlation between a 
highly correlated variable and can scale the contribution 
of individual variables to the distance value according to 
the variability of each variable (Ghorbani, 2019). The 

2Mahalanobis D  distance among genotypes in the 
diversity panel ranged from 30.8 to 403.4, which was 
huge and higher than previous reports by (Bind et al., 
2015; Chandra et al., 2018). The huge extent of genetic 
diversity in the present study was due to the involvement 
of genetic material from different origins. The intra-
cluster heterogeneity of cluster number I (91.2) was high 
indicating considerable diversity existed among 
genotypes belonging to this group and might be served as 
a guideline to select desirable parents for recombination 
breeding programs within the same cluster (Table 1). 

2was much higher than earlier reports related to D  
clustering studies by (Bind et al., 2015; Chandra et al., 
2018), indicating a wider genetic base of materials 
within cluster I in the present study.  Cluster V showed 
the highest mean values for ATC, GTC and TTC; 
however, Cluster III had the highest mean value for AGR 
(2.1) (Table 2). Which suggest that cluster V is superior 
in Total tocopherol content but it has lower conversion of 
g- tocopherol to a- tocopherol whereas Cluster III have 
more AGR which suggest that it has high conversion of 
ATC from GTC (Fritsche et al., 2012; Meena et al., 

22022). The D  analysis for the tocopherol content 
characters among the 96 Indian Mustard genotypes 
revealed that all the studied four traits have almost 
equally contributed towards total divergence (Table 2). 
The genotypes belonging to cluster V (Pusa Mahak); 
cluster II (CN-101845) and cluster IV (NPJ-203) were 
found more diverse and could be utilized as parents for 
the hybridization programs to obtain maximum heterosis 
in tocopherol content i.e., ATC and AGR.

Principle component analysis

The utilization of principal component analysis (PCA) 
2serves to fortify the conclusions derived from the D  

analysis, revealing the primary contributors to 
variability among genotypes (Sheela et al., 2020; 
Rahangdale et al., 2021). PCA achieves this by 
condensing extensive datasets and identifying a concise 
set of essential independent variables while preserving 
the original variability. In this study, two principal 
components (PCs) with eigenvalues surpassing one 
(Table 2) were derived from the initial data, explaining 
99.2 % of the total variation across the 96 nger millet 
genotypes assessed for tocopherol content traits. The 
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Table 1: Grouping of 96 Indian genotypes into six clusters, average inter (non-diagonal) and intra (diagonal) cluster 
2 2distances based on Mahalanobis D  statistics (D  values)

Cluster  I  II  III  IV  V  VI
Genotype  21a

 23b
 19c

 16d
 6
e

 11f

I
 

91.2
 

232.4
 

176.9
 

141.4
 

186.5
 

308.1
II

  
51.1

 
86.1

 
123.3

 
327.7

 
126.8

III
   

30.8
 
67.9

 
272.1

 
161.8

IV
    

32.3
 

236.7
 

199.0
V

     
64.6

 
403.4

VI 64.2

a: AJ-11, BASANTI, CN-101813, CN-105309, DRMRIJ 17-38, DTM-50, EC-564949-1, IC-597869, IC-597910, IC-766097, JM-1, 
KDM-1049, NDRE-4, PBR-97, Pusa jai kisan, RB-60, RC-371-1, RC-571, RC-891-1, RE-15, RH749
b: AJ-3, CN-101845, CN-105312, CN-113780, CN-34005, IC-597875, IC-597876, IC-597881, IC-597949, JAGANNATH, KDM-
49-1, NC-533726, NC-660, PCR-7, PCR-9403, PTJ-3-64, RC-1270, RC-132, RC-371, RGN-34, RGN-73, RJ-10, VASUNDHRA
c: ASHAVATI, CN-105233, CN-105305, CN-105379, I-79 (M), IC-597878, IC-597880, IC-597890, IM-76, JM-06010-1, NPJ-113, 
PBR-357, PM29, PM-67, PTJ-3-89, RCQR-9901, RE-11, RLC3, YSRL-9
d: CN-105257, DJ-12, DJ-65, IC-597882, IC-597904, IM-108, IM-152, IM-59, NC-37362, NPJ203, PR-2001-42, PUSA BOLD, 
RC-1271, RE-44, RNN-505, TN-3
e: CN-105306, EM-1, IM-170, KRISHNA, PUSA MAHAK, RE-7-1
f: DJ-5, EJ-22, GIRIRAJ, GR-325, IC-597873, IM-39, NPJ-161, PUSA BAHAR, RH-4193, RHUR-2-1, SITARA SAGAR

Table 2: Estimates of principal component analysis and cluster mean values of tocopherol traits in Indian Mustard genotypes

Character  Principal component 
analysis  

D2  Statistic  
Contribution 

(%)  
Cluster numbers  Mean CV

PC1
 

PC2
 

PC3
 

PC4
  

I
 

II
 

III
 

IV
 

V
 

VI
 ATC

 
0.7

 
0.6

 
-0.1

 
0.0

 
24.7

 
3

 
2.5

 
3.1

 
3.4

 
5.8

 
1.2

 
3.2 1.9

GTC
 

0.8
 
-0.4

 
0.0

 
0.0

 
25.1

 
219.4

 
116.7

 
147.9

 
171.2

 
299.5

 
70.8 170.9 1.9

TTC

 
0.9

 
-0.4

 
0.0

 
-0.0

 
25.2

 
223.4

 
119.7

 
152.1

 
175.6

 
307.4

 
72.3 175.1 1.9

AGR

 

0.4

 

0.9

 

0.1

 

0.0 24.8 1.4 2.1 2.1 2 1.9 1.7 1.9 1.3
Eigenvalue

 

2.3

 

1.6

 

0.0

 

0.0
Proportion 
of variance (%)

 

58.1

 

40.9

 

0.8

 

0.0

Cumulative 
proportion (%)

 

58.1

 

99.1

 

99.9

 

100

        
noteworthy inuence of the initial PCs on overall 
variability aligns with previous ndings in the 
literature, in relation to various plant traits in Indian 
mustard (Yadav et al., 2022).

The primary contributors to the PCs were identied 
based on loading factor values. PC1 represented 
approximately 58.20% of the overall variation, with 
TTC (0.9) and GTC (0.8) playing a major role in driving 
this variation positively. PC1 was identied as a key 
component for tocopherol traits, encompassing TTC and 
GTC traits associated with higher total tocopherol 
content. PC2 accounted for 41% of the total variation, 
with ATC (0.6) and AGR (0.9) displaying highly positive 
scores due to their strong correlation – an increase in 
ATC resulted in an increase in AGR. Consistent positive 
scores for eigenvectors were observed in PC1 and PC2 
for all tocopherol traits, collectively explaining 99% of 
the total variability (Table 2). Within the PC1 genotypes, 
Pusa Mahak signicantly contributed positively, while 

exhibiting an inverse contribution in PC2. Genotype 
CN-101845 made signicant positive contributions in 
both PC1 and PC2 directions (Fig. 1A).

The loading plot (Fig. 1B) illustrates the variables' 
directions based on the sign of score coefcients. ATC 
and AGR show opposite directions, indicating a negative 
correlation with GTC and TTC. This implies that GTC 
primarily contributes to the increase in TTC and ATC. 
The AGR ratio is a crucial trait for selecting genotypes 
with high ATC, as it is the only form usable by humans 

2(Meena et al., 2022). The PCA score plot (Fig. 1) and D  
statistic (Table 2) indicate that the genotype PUSA 
MAHAK is distantly related to CN-101845. Selecting 
these two diverse genotypes could effectively enhance 
grain tocopherol content traits in Indian mustard, as they 
exhibit complementary traits. Pusa Mahak has high GTC 
and TTC, while CN-101845 demonstrates high ATC and 
AGR (Table 2). The clustering pattern of genotypes, as 
shown in the dendrogram (Fig. 2), further supports the 
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Fig. 1: The principal component analysis showing the distribution pattern of 96 Indian Mustard genotypes (A) and 4 
tocopherol content traits (B); Dim1 and Dim2 are the rst and second principal components, respectively

selection of Pusa Mahak and CN-101845 as parents in 
hybridization programs. This approach addresses the 
limitations associated with developing promising 
tocopherol content trait cultivars in Indian mustard.

Conclusion

The ndings from this research offer valuable insights 
and lay the foundation for designing upcoming breeding 
initiatives aimed at enhancing Tocopherol content in 
Indian mustard. However, a molecular investigation is 
essential to enhance the parent selection process, 
introduce new gene combinations into genotypes, and 
create cultivars of Indian Mustard with elevated 

tocopherol content.
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