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Abstract Correlation analysis and principal component analysis (PCA) were conducted for some agronomic traits of 139 recombinant inbred

lines of Brassica juncea L. The results showed that under the environmental conditions in Guiyang, the flowering time, number of seeds per si-

lique, plant height and thousand seed weight differed significantly among different lines. The results of principal component analysis showed

that the lines could be classified into three groups. The results of Pearson correlation tests showed that the plant height was positively correlated

with the flowering time (P <0.05), and the thousand seed weight was negatively correlated with the flowering time and number of seeds per si-

lique (P <0.01).
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1 Introduction

Brassica napus 1. ( AACC, 2n = 38 ), Brassica juncea L.
(AABB, 2n=36), and Brassica rapa (AA, 2n =20) are three
oil crops in China'''. B. juncea is resistant to diseases, pests,
barrenness, yellow seeds and drought, and can be used as vegeta-
ble and seasoning with important economic value'” ', China is an
important center of origin for B. juncea, which is rich in germ-
plasm resources. The continuous strengthening of the theoretical
and applied research of B. juncea is of great significance to en-
hance the application of resistance genes in B. napus and B. ra-
pa, promote the development of mountain agriculture in China,
and ensure the safety of oil production in China.

Although B. juncea has many excellent properties, it has a
disadvantage of low yield". The agronomic traits and quality
traits of B. juncea are quite different from those of widely-planted
B. napus. B. napus has already been commercialized for F, hy-
brid production, but the related work of B. juncea has only just
started'”’. To strengthen the genetic improvement and related re-
search of the agronomic and quality traits and to constantly culti-
vate high-quality and high-yield varieties (lines) adapted to the
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needs of mountain agriculture is imperative for the breeding work
of B. juncea.

In recent years, with the global warming, water resources are
relative scarce. As a beneficial supplement of B. napus, B. jun-
cea is increasingly drawing attention both at home and abroad.
B. juncea has been used as oilseed-vegetable dual-purpose crop in
China, especially in the central and western regions. In India,
B. juncea is the major source of edible oil, and its crossbreeding
system is constantly improved. In some arid regions of Canada and
Australia, government departments have been expanding the
planting area of B. juncea, so its growing area is constantly
increasingm .

In this study, a population of 139 B. juncea recombinant in-
bred lines was planted under the environmental conditions in Guiy-
ang, and their flowering time, plant height, thousand seed weight
and number of seeds per silique were investigated, among which
correlation analysis and principal component analysis (PCA) were

conducted to provide reference for the breeding of B. juncea.

2 Materials and methods
2.1 Experimental materials The F population of 139
B. juncea recombinant inbred lines was selected as experimental
materia. In October 2014, they were planted in the farm of
Guizhou University, with three replicates for each line. Random-
ized block design was used, and two rows were arranged for each
replicate. In the flowering period, three individual plants were se-
lected randomly from each line, and they were bagged and subjec-
ted to selfing. Their seeds were harvested.

2.2 Experimental methods
when more than half of the plants in each plot bloomed. Before the

The flowering time started from

seeds matured, ten siliques were selected from the middle of the
main branch, and the number of seeds per silique was counted.

The mean of seed number per silique was calculated. At the pod-
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ding stage, five plants were selected randomly from the center of
each plot for measuring plant height, of which the mean was taken
as the plant height of the plot. The seeds of the three bagged
plants in each plot were harvested. Total 500 seeds were selected
randomly and weighed, which was repeated three times. The aver-
age of the three measurements was calculated and multiplied by 2
as the thousand seed weight of the plot.

2.3 Statistical analysis The data obtained from the experiment
was analyzed statistically using SPSS20 software, including de-
scriptive statistics, correlation analysis, normal distribution map,

clustering map, multiple comparison ( LSD method) and so on.

3 Results and analysis
3.1 Variation of population traits
number of seeds per silique, plant height and thousand seed weight

The flowering period,

of B. juncea recombinant inbred lines showed clear normal distribu-
tions under the environmental conditions in Guiyang City (Fig.1).
The mean flowering period of the population was 139.4 d, with coef-
ficient of variation of 1.3% . There were 50 lines of which the flow-
ering periods ranged from 137 to 139 d, accounting for 36. 0% of the
total ; there were 65 lines with flowering periods within 139 —141 d,
accounting for 46. 8% ; there were 21 lines of which the flowering
periods ranged from 141 to 143 d, accounting for 15. 1% ; and the

flowering periods of the rest ranged from 143 to 145 d, accounting
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for 2.2%. The average number of seeds per silique was 20.9, and
the coefficient of variation was 10.9% . There was only one line with
seed number per silique ranging between 11 — 15, accounting for
0.7% of the total lines; there were 21 lines of which the seed num-
ber per silique ranged from 15 to 19, accounting for 15. 1% ; there
were 95 lines with seed number per silique ranging from 19 to 23,
accounting for 68.3% ; and the seed number per silique of the rest
was within 23 —29, accounting for 15.8%.

The average plant height of the lines was 128.3 cm, with co-
efficient of variation of 10. 7% . There were 20 lines with plant
height ranging from 97 to 114 c¢m, accounting for 14.4% of the to-
tal lines; there were 64 lines of which the plant heights were with-
in 114 =131 ¢m, accounting for 46.0% ; there were 43 lines with
plant height ranging from 131 to 148 cm, accounting for 30.9% ;
and the plant heights of the rest lines ranged from 148 to 166 c¢m,
accounting for 8.6% . The mean thousand seed weight of the pop-
ulation was 2.9 g, with coefficient of variation of 10. 6% . There
were 42 lines of which the thousand seed weight ranged from 2. 28
to 2.68 g, accounting for 30. 2% ; there were 70 lines of which
the thousand seed weight ranged within 2. 68 —3.08 g, accounting
for 50.4% ; there were 22 lines with thousand seed weight ranging
from 3. 08 to 3.48 g, accounting for 15. 8% ; and the thousand
seed weight of the rest lines ranged within 3. 48 —3.89 g, ac-

counting for 3.6% .
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Fig.1 Normal distributions of agronomic traits of Brassica juncea recombinant inbred lines

3.2 Correlation analysis

formed on the correlation between agronomic traits in the recombi-

Pearson correlation analysis was per-

nant inbred population (Table 1). The plant height was positively
correlated with the flowering period with correlation coefficient of
0.503 (P <0.001). There were significant negative correlations be-

tween thousand seed weight and flowering period ( correlation coeffi-

cient —0.488, P <0.001), thousand seed weight and seed number
per silique (correlation coefficient —0.420, P <0.001). The seed
number per silique was positively correlated with the flowering peri-
od, but the correlation was not significant (P >0.05). There were
insignificant negative correlations between thousand seed weight and
plant height, plant height and seed number per silique (P >0.05).
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Table 1 Coefficients of correlation between agronomic traits of Brassica juncea recombinant inbred lines

Trait Flowering period

Seed number per silique Plant height

0.075 (P =0.378)
0.503 (P <0.001)
~0.488 (P <0.001)

Seed number per silique
Plant height

Thousand seed weight

-0.088 (P=0.304) -
-0.420 (P <0.001) -0.114 (P=0.181)

3.3 Cluster analysis

formed for the 139 lines with the main indicators of flowering peri-

Principal component analysis was per-

od, seed number per silique, plant height and thousand seed
weight. Among the four principal components, the first principal
component (PCAL) explained 45.8% of the variation, the second
principal component (PCA2) explained 31. 5% of the variation,
the third principal component ( PCA3) explained 14. 4% of the
variation, and the fourth principal component (PCA4) explained
8.3% of the variation. The first two principal components together
accounted for 77. 3% of the variation, so PCAl and PCA2 were
selected as the X-axis and Y-axis for charting. The 139 lines were

classified into three clusters (Fig.2). In Cluster I, the number of
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Fig.2 Principal component analysis of Brassica juncea recombinant
inbred lines

Table 2 Variation of agronomic traits in the three clusters of Brassica
Jjuncea recombinant inbred lines

Trait Cluster Mean Standard ~ Coefficient of
deviation  variation // %
Flowering period //d I 141.9 A 2.45 5.8
11 139.4 B 1.71 4.4
11 138.0 C
Seed number per silique 1 25.7 A 2.39 9.3
1I 20.9B 2.07 9.9
il 11.6 C
Thousand seed weight /g 1 2.4 C 0.42 17.7
I 2.9B 0.34 11.8
11 3.9A
Plant height // cm I 126.8 A 20.52 16.2
I 128.4 A 13.67 10.6
11 124.3 A

Note: Different capital letters of the same agronomic trait indicate significant

differences at the 0.01 level.

lines was 4, accounting for 2. 9% ; in Cluster II, the number of
lines was 134, accounting for 96. 4% ; and in Cluster III, the
number of lines was 1, accounting for 0. 7% . There were signifi-
cant differences in all the agronomic traits except plant height
among different clusters (P <0.01) (Table 2). Among the three
clusters, the flowering period ranked as Cluster I's > Cluster II's
> Cluster III’s; the seed number per silique ranked as Cluster I's
> Cluster I's > Cluster [II’s; the thousand seed weight ranked as
Cluster III’s > Cluster II's > Cluster I's; and the plant height
ranked as Cluster II's > Cluster I's > Cluster III’s.

4 Conclusions and discussion
This study examined the performance of agronomic traits of the re-
combinant inbred population of B. juncea in Guiyang City, and
principal component analysis and correlation analysis were per-
formed for them. The results have a certain guiding significance for
the breeding of B. juncea and future research on the regulation
mechanism of agronomic traits.

The research on B. juncea is relatively backward compared to
B. napus, so quality breeding should be vigorously developed in
the future. At present, Canada has taken the lead in breeding
double-low B. juncea varieties ( lines) P which can be used for
the double-low breeding of B. juncea in the future, thereby funda-
mentally improving the quality of B. juncea for oil purpose. Agro-
nomic traits are other indicators of the continued improvement of
B. juncea. For example, small seed size and low pod density result
in much lower yield of B. juncea compared to B. napus. At pres-
ent, it can only be used as an alternative crop for B. napus under
harsh conditions, and its excellent characteristics such as strong
resistance cannot be fully displayed. Vigorously carrying out
breeding research of B. juncea can provide more suitable economic
crop for China’s vast mountainous agricultural production, which is
of great significance for promoting the development of mountain ag-

riculture in China.
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bank of local germplasm resources, followed by a target trait ge-
netic group, thus mining the special functional genes and laying a
foundation for local resource development.

4.3 Raising awareness of characteristic vegetable resources
and developing rationalized development plan for characteris-
tic vegetable resources In Luotian County, micro-business plat-
form has been constructed to sell local specialties ( dried radish,
wild vegetables ). At present, Luotian County has carried out
e-commerce targeted poverty alleviation strategies to drive local
farmers to get rid of poverty and get rich. Other cities can build
similar platforms. Local specialties such as yam, pearl flower, Os-
munda japonica Thunb, scallion, P. stbiricum have high nutrition-
al value. However, yam diseases are serious, and pearl flower
cuttings have a low survival rate. Considering key technologies
that constrain local resources, the technology of tissue culture can
be used to solve the problem of seedling preservation, purification
and detoxification under the assistance of universities and research
institutes. At the same time, functional deep processing products
or fruit and vegetable health foods should be developed through the
combination with modern science and technology to improve the
development and utilization of characteristic vegetable re-

sources' ™71 Of course, attention must be paid to development
and protection simultaneously in order to promote the healthy de-

velopment of the characteristic vegetable industry.
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