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Abstract

Evaluating quality traits is important to the selection of elite lines in Brassica napus L. In this study,
the quality traits of 488 global collections of B. napus L were evaluated for two consecutive years
under central Chinese growing conditions, and a series of phenotypic data was obtained. The mea-
sured total glucosinolate content (GLC) and erucic acid content (ERU) values for 95.5% of the ac-
cessions were consistent with the original values, and large variations in quality traits were found
among these accessions, thus enabling selection for these characters. In general, Chinese accessions
tended to have a higher oil content (OC) than foreign accessions, while compared with winter and
spring accessions, semi-winter accessions tended to have the highest OC. The mean GLC and ERU of
Chinese rapeseed accessions showed gradual downward trends over time, and the genotypic vari-
ation in ERU accounted for 98.44% of the total variation, which was the highest among all 10 of the
quality traits. Additionally, the heritability for ERU was largest among all 10 of the quality traits.
Significant correlations were observed between different traits; OC had significantly (P < 0.01) nega-
tive correlation coefficients with oleic acid content, whereas OC had significantly (P < 0.01) positive
correlation coefficients with ERU. Principal component analysis revealed that there was no clear
boundary among materials of different geographic origins and different ecotypes according to the
first two principal coordinates, respectively. This information about variations in quality traits re-
vealed in this study could identify parents for improved rapeseed breeding.

Keywords: Brassica napus L, genetic diversity, genetic variation, plant breeding, quality trait

Introduction

Oilseed rape (OSR) (Brassica napus L.) is one of the major
global oil crops. Its oil is used as green fuel, for human con-
sumption, to feed animals, and in the chemical and
pharmaceutical industry (Friedt and Snowdon, 2009).
Current elite ‘canola’ breeding materials are believed to
be derived from a limited number of crosses between the
original genotypes with these quality traits and concurrent
breeding lines (Stefansson et al., 1961; Krzymanski, 1974;
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Becker et al., 1999; Ecke et al., 2010), which has ultimately
led to a low level of diversity in B. napus quality traits.
Because crop improvement programmes depend on the
existence of sufficient genetic variability, heritability, cor-
relation and genetic gain during selection (Khan et al.,
2006; Ayta¢ and Kinaci, 2009), it is important to better
understand the wvariation in the seed quality traits of
B. napus.

Korber et al. (2012) studied seedling development in a
B. napus diversity set and its relationship to agronomic per-
formance using 518 inbreds and observed differences in
phenotypic diversity among the eight examined germ-
plasm types. Chen et al. (2014) evaluated yield and
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agronomic traits and their genetic variation using 488 col-
lections of B. napus and found differences in the pheno-
typic diversity of both among different ecotype
accessions and among materials of different geographic
origins, however, the phenotypic diversity of quality traits
remains unclear.

The main objective of B. napus breeding is to increase
the seed oil content (OC) and improve the fatty acid profile
to meet food and industrial demands (Ahmad et al., 2015),
and correlation studies can inform the design of a breeding
programme aimed at the simultaneous improvement of
multiple traits (Kumar, 2013). In addition to the effects of
genetics, the environment is another vital factor that influ-
ences B. napus quality traits (Gunasekera et al., 2000;
Zhang et al., 2013). To better understand and effectively
utilize B. napus germplasm in China, it is necessary to
evaluate global collections of the species for quality traits
and to study their genetic variation under local environ-
mental conditions. The objectives of the present study
were (1) to assess the phenotypic and genotypic variation
in 10 quality traits in 488 global collections of B. napus,
(iD) to compare the variation in quality traits among different
crop groups, i.e. winter, semi-winter and spring rapeseed,
(iiD) to assess changes in the quality traits of Chinese breed-
ing lines and cultivars over time; (iv) to analyse the geno-
typic variability by environment interactions; (v) to detect
and analyse correlations among the investigated traits and
(v) to group the material using principal component ana-
lysis (PCA). Our findings could provide useful information
for selecting parental lines for OSR breeding programmes,
and the data obtained in this study could be used in our
subsequent studies of associations among the molecular
and phenotypic traits of B. napus.

Materials and methods
Plant materials and field trials

A total of 488 global collections of B. napus conserved at
the Oil Crops Middle-term Genebank of China (OMGC)
were used in this study. The global collections exhibited
abundant genetic diversity as they originated from 23 coun-
tries on four continents, including 245 accessions from
China, 26 accessions from Japan, 23 accessions from the
Americas, 166 accessions from Europe, 20 accessions
from Australia, and eight accessions from other regions (on-
line Supplementary Table S1).

All field trials were managed following standard agricul-
tural practices. The experimental location, experimental
design, land preparation, sowing, fertilizing, plant spacing,
and harvesting programme were the same as in Chen et al.
(2014).
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Measurement of 10 quality traits and data
collection

A total of 10 quantitative seed characters (OC, protein con-
tent (PO), total glucosinolate content (GLC), palmitic acid
content (PAL), stearic acid content (STE), oleic acid content
(OLE), linoleic acid content (LNL), linolenic acid content
(LIN), eicosenoic acid content (EIC), and erucic acid
content (ERU)) were used to assess the quality of 488
B. napus collections, and their abbreviations are presented
in Table 1.

After ripening and drying, the harvested materials were
threshed, and approximately 3 g of threshed seeds were
used to determine seed OC, PC, total GLC and fatty acid
composition according to the conventional method of ana-
lysis detailed in the WinISI III operations manual using a
Foss NIRS (near-infrared spectrometer) 5000 (Foss NIR
Systems, Inc., http://www.foss-nirsystems.com). Calibration
and validation procedures were performed using ISI soft-
ware, version 1a.1 (Infra Soft International), as described
by Wiedemann et al. (1998).

Statistical analysis

Analysis of variance was performed for individual years,
and error variances were tested for homogeneity (Gai,
2000). A combined analysis of variance of the 2-year trial
data was performed for the quantitative characters, and
the phenotypic character data were analysed by determin-
ing the mean, minimum (min), maximum (max), standard
deviation (S.D.) and frequency distribution in the SPSS 16.0
computer package (SPSS, 2007). The least significant differ-
ence (LSD) at the 5 and 1% levels was used to compare dif-
ferences between means (Gai, 2000), and the multi-trait
means of different group accessions were compared
using one-way ANOVAs (analysis of variances) at a 0.05
and 0.01 level of probability followed by Duncan’s test
and a Student’s -test in SPSS 16.0 (Gai, 2000; SPSS, 2007).
The relationships among traits were determined by a
Pearson’s correlation analysis using the accession means
(Fisher, 1924).

Calculation of the best linear unbiased prediction
(BLUP) value and heritability for each quality
trait

As the 10 quality traits of the 488 accessions were investi-
gated over 2 years with three replications, an R script
(www.eXtension.org/pages/61006) based on a linear
model described by Merk et al. (2012) was used to obtain
the BLUP of each trait for each line. The variance compo-
nents of genotype (Vargenowpe), the genotype and year
interaction (Vargenotype/year); the replication and year
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Table 1. Means, S.D., ranges and correlation coefficient of 10 quality traits of 488 B. napus accessions evaluated in 2011 and
2012
Trait Correlation

Mean + S.D. Range Mean + S.D. Range coefficient (r) P-value®

2011 2011 2012 2012 2011/2012 2011/2012
OC 40.989+1.7413 35.21-46.85 40.964 + 1.8309 36.38-48.57 0.7471** P=0.668 ns
PC 23.132+1.2105 19.99-26.87 23.028 +1.1557 19.55-27.60 0.533** P=0.044*
GLC 67.057 £17.5984 18.90-96.09 70.115+18.7120 19.86-105.83 0.972** P=0.000**
PAL 3.760 = 0.7006 2.30-5.93 3.691 +£0.7009 2.25-5.78 0.961** P=0.000**
STE 1.647 +£0.5150 0.11-4.39 2.464 +0.5478 0.72-4.43 0.707** P=0.000**
OLE 34.788 £16.1602 10.57-68.46 33.340 £ 16.0971 9.03-66.28 0.982** P=0.000**
LNL 15.255+3.3933 9.36-23.71 16.202 +3.3143 10.42-23.99 0.960** P=0.000**
LIN 7.965 +2.4241 0.52-15.90 7.855+2.3376 0.50-16.73 0.976** P=0.000**
EIC 9.358 +3.3800 0.80-22.91 10.133 + 3.6854 1.96-24.86 0.935** P=0.000**
ERU 27.227 £19.0538 0.50-54.09 26.314+£18.5181 0.71-54.64 0.992** P=0.000**

Note: oil content (%; OC), protein content (%; PC), total glucosinolate content (umol/g; GLC), palmitic acid content (%; PAL),
stearic acid content (%; STE), oleic acid content (%; OLE), linoleic acid content (%; LNL), linolenic acid content (%; LIN), eico-
senoic acid content (%; EIC), and erucic acid content (%; ERU). Abbreviations are the same in tables 2—4.

ns, not significant.
?P-value comparison of paired-sample means.

*, **significant at P < 0.05 and 0.01 probability levels, respectively.

interaction  (Varieplication/year) and the residual error
(Var,esiqua) Of the 10 quality traits were obtained by running
the R script. The heritability of each quality trait was calcu-
lated using the formula:

Heritability = vVatgenope/(Valgenoype + Valgenotype/year/ 2

+ Varresidual/4)

PCA

Following the method of Chen et al. (2014), the numerical
data of all 10 quality traits were converted to an ordinal
scale with values from 1 to 10, i.e. from the first class
[Xi < (X — 20)] to the 10th grade [Xi> (X + 20)], with incre-
ments of 0.50 between each level; X represents the mean
value of all samples, and ¢ is the S.D. (Pecetti et al.,
1992). Accessions were classified by PCA (Sneath and
Sokal, 1973) on a matrix of the rank frequencies of all 10
quality traits. PCA was performed with the computer pro-
gram NTSYS-pc (Rohlf, 1998).

Results
Evaluation of 10 quality traits

A series of phenotypic quality trait data (488 accessions x 10
traits x 3 replications x 2 years=29,280 data points) were
obtained, and we found a wide range of variation in the
10 quality traits among the evaluated accessions (Fig. 1
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(@—(j). For example, OC varied from 36.75 to 47.55%;
GLC varied from 20.20 to 100.96 pmol/g of seeds; OLE var-
ied from 9.80 to 67.37%; ERU varied from 0.74 to 54.37%.

According to the double-low rapeseed standard, low (0)
ERU is <1% and low (0) GLC is <30 pmol/g of seeds. The
2-year means (data not shown) observed for erucic acid
and total GLC of the 488 accessions were compared with
the original germplasm values (online Supplementary
Table S1), which were defined as those determined for
the first germplasm collected in the OMGC. The results
showed that, of 488 accessions, the observed mean ERUs
were not consistent with the original values (the original
low erucic acid value and the measured high erucic acid
value) in 18 lines (3.7%); the observed mean and original
GLC values (the original low GLC value and the measured
high GLC value) did not match in 14 lines (2.9%); and the
observed means of the above two traits were not consistent
with the original values in 10 lines (2.0%). In other words,
the observed means of the above two traits were consistent
with the original values in 466 lines (95.5%) in 488 acces-
sions. All inconsistent germplasm information came from
abroad and was mostly foreign early germplasm.

The overall means of the major traits across genotypes
for each of the 2 years are shown in Table 1, and there
were highly significant (P<0.01) correlations between
the 2 years in all 10 traits. The trait with the largest correl-
ation coefficient between the 2 years was ERU, whereas the
trait with smallest value was PC. A comparison of the
paired-sample means between the 2 years showed that, ex-
cept for OC and PC, all of the traits showed highly
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Fig. 1. Frequency distribution of 488 B. napus L accessions by (a) OC, (b) PC, (c) total GLC, (d) PAL, (e) STE, (f) OLE, (g) LNL,
(h) LIN, (i) EIC, and (j) ERU. Values are the means of the evaluations in 2011 and 2012.

significant (< 0.01) differences between the 2 years. For
example, the mean GLC in 2012 was significantly higher
than that in 2011, while the mean OLE in 2011 was signifi-
cantly higher than in 2012.

In this study, all accessions were assigned three different
germplasm types, namely winter OSR (166), spring OSR
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(122), and semi-winter OSR (210). The means and LSD
comparisons of the 10 quality traits of accessions from dif-
ferent ecotypes across the 2 years are presented in online
Supplementary Table S2. Through careful analysis, we
found that the mean OC of the semi-winter OSR accessions
was significantly higher (£ < 0.01) than that of the winter or
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spring OSR; the mean GLC of the winter OSR was signifi-
cantly higher (P<0.01) than that of the semi-winter or
spring OSR; and the mean ERU of the spring OSR was sig-
nificantly lower (£<0.01) than that of the winter or semi-
winter OSR. Additionally, our results demonstrated that
the mean OLE of the spring OSR was significantly higher
(P<0.01) than that of the winter or semi-winter OSR.
Means and LSD comparisons of the quality traits of acces-

253+
6.89d D
25.04 +
18.96 c C
28.24 +
19.15 ¢ BC
4.70a A

34.56 =
15.57 b AB
41.34 +

ERU

EIC
3.68 +
1.65¢cD
9.87 =
3.67bC
9.89 +
3.10 b BC
11.19+
2.75a AB
12.02 +
1.99a A
0.01.

sions from different geographic origins across the 2 years

are presented in online Supplementary Table S3. Due to
the dominance of Chinese and European materials, the dif-

LIN

7.58
1.57aA
7.99 +
2.83aA
7.46
2.20aA
7.64 +
2.08aA
7.91 +
1.28a A

ferences in the accessions of these two geographic origins
were compared, and the results showed that the mean OC
of the Chinese accessions was significantly higher
(P<0.01) than that of the European accessions while the
mean PC and GLC values of the Chinese accessions were
significantly lower (P < 0.01) than those of the European ac-
cessions. Additionally, in terms of fatty acid composition,

2.73cCD

13.05 =
1.21dD

18.78 +
1.33aA
15.92 +
344bB
15.20 +
3.19 bc BC
14.26 +

LNL

our results demonstrated that, except for the mean LNL,
there were no significant differences (£>0.05) in the
mean PAL, STE, OLE, LIN, EIC and ERU values between
the Chinese and European accessions.

The means and LSD comparisons of the quality traits of

6.73a A
5.93dD

35.29+
15.83b B

33.50 %
16.28 b BC

27.08 =
13.54 ¢ CD

60.47 =
20.88 =

OLE

Chinese rapeseed accessions from different breeding peri-
ods across the 2 years are presented in Table 2. Over time,

STE
258+
0.24a A
2.06 =
0.51bB
2.06 =
0.49b B
1.80 =
0.40cC
1.57 +
0.23dC
0.05, and different uppercase letters indicate a significant difference at &

the mean OC of the accessions first increased and then de-
creased before increasing again; relative to 2001-2010, the
mean was only significantly (< 0.01) lower from 1950 to
1970. For PC and GLC, the accession means first decreased
and then increased slightly before decreasing again. From
1950 to 1970, the mean was significantly (< 0.01) higher
than that of other periods, while from 2001 to 2010, it was
significantly (P<0.01) lower than in other periods.

In terms of fatty acid composition, the mean PAL, STE,
OLE and LNL values showed a gradual upward trend
over time. From 2001 to 2010, the mean was significantly
(P<0.01) higher than that of other periods, while from
1950 to 1970 and from 1971 to 1980, the mean was signifi-
cantly (£<0.01) lower than that of other periods. There
was no significant (> 0.05) change in the mean LIN in dif-
ferent breeding periods. For EIC and ERU, the mean acces-
sion values showed a gradual downward trend with time.
From 2001 to 2010, the mean was significantly (£<0.01)
lower than that of other periods, while from 1950 to 1970
and 1971 to 1980, the mean was significantly (P<0.01)
higher.

0.74b B
0.54 cd C
3.23+

0.17dD

0.29 a A
3.64 +

PAL

4.39 +
3.83+
0.66 bc BC
3.47 +

GLC
28.21 +
8.67 cC
67.67 +
14.68b B
67.19 +
15.77b B
71.66 =
9.38 ab AB
76.49 +
8.45a A

PC
22.46 +
1.18 cB
22.89 +
095bB
22,71+
0.97 bc B
22.90 =
094bB
23.72 +
1.16 a A

2.5TaA
41.27
1.43 a AB
41.39+
1.23bB

Trait/mean = S.D.
1.41 ab AB

41.61 x
1.85 ab AB

41.86 +
40.69 =

(%)
OC

14.7

26.5

19.2

26.9

12.7

6
5
47
6
31

N

Mining germplasm resources with excellent
quality traits

In evaluating the consistency of the data between the 2
years, analysis of the means of 488 B. napus accessions
in 2011 and 2012 showed that three accessions (6024-1,

Table 2. Means, S.D. and LSD comparison of 10 quality traits of Chinese accessions with different breeding times across 2 years

Different lowercase letters indicate a significant difference at «

Breeding time
2001-2010
1991-2000
1981-1990
1971-1980
1950-1970
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Table 3. Proportion of sum of squares to total sum of squares for 10 quality traits of 488 B. napus accessions across 2 years

Source of

variation df oC PC GLC PAL STE OLE LNL LIN EIC ERU

Among blocks 2 046ns 1.49 0.03ns 0.73*  2.99* 0.31** 0.51*  0.19**  0.11* 0.06*

Environment 1 0.00ns 0.12** 0.68**  0.23** 28.24* 0.20** 1.87** 0.05** 1.11**  0.06**
(year)

Genotype 487 66.52**  48.79** 94.91** 91.75** 40.70** 96.48** 91.81** 95.81** 89.23** 98.44**

Env x Geno 487  9.92%*  14.9* 1.42%%  1.84**  7.03**  0.89** 1.91*  1.22% 316" 0.43**
(year x Geno)

Error 1950 23.09 34.70 2.95 545  21.04 2.12 3.91 2.73 6.39 1.02

ns, not significant.

*, **significant at P < 0.05 and 0.01 probability levels, respectively.

87-9 and G142) had OC values higher than 46.40%; five ac-
cessions (No 23 Rape, 363, Target, Legend and Huyou 18)
had PC values higher than 25.20%; 34 accessions (including
two additional, unlisted materials) had GLC values higher
than 30 pmol/g; two accessions (Yixuan 159 and H62)
had PAL values lower than 2.50%; two accessions
(Chuanyou 96-98 and Chengkoushengli) had STE values
lower than 1.00%; four accessions (Zheyou 17,
Zhongshuang 11, Huyou 18 and Hongyou 3) had OLE va-
lues higher than 63.00%; one accession (Cresor) had LNL
values higher than 23.70%; two accessions (Samurai and
93355) had LIN values higher than 15.00% and EIC values
greater than 20.00%; 42 accessions (not listed) had ERU va-
lues lower than 1.00%; two accessions (Yixuan 159 and
H62) had ERU values higher than 50.00%; and 28 acces-
sions (not listed) not only had ERU values lower than
1.00% but GLC values lower than 30 pmol/g. These 28 ac-
cessions were double-low rapeseed germplasm.

Genotypic variability

To determine whether and how the environment influ-
ences these traits, we converted the proportional sums
of squares to the total sum of squares for different
sources of variation and tested the level of significance.
Our results showed that the differences between the 2
years (environments) were significant (P<0.01) for PC,
GLC, PAL, STE, OLE, LNL, LIN, EIC and ERU (Table 3)
but not significant (2> 0.05) for OC. Differences among
B. napus accessions were also significant (£<0.01) for
all characters under investigation, and genotype x year
(environment) interactions were significant (£<0.01) for
all quality traits.

Genotype clearly contributed a large portion of the vari-
ation in all characters (40.70-98.44%); genotypic variations
in OC and GLC accounted for 65.22 and 94.91% of the total
variations, respectively. The value of the genotypic vari-
ation in ERU was the largest of all 10 phenotypic traits,
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while year contributed the largest portion of the variation
in STE (28.24%).

The heritability of 10 quality traits

By running the R script described above using 29,280 data
points, the variance components and heritability of the 10
quality traits were determined and are shown in online
Supplementary Table S4. The heritability of the PC trait was
lowest; those of the STE and OC traits were smaller; and the
heritability values of the other seven quality traits (GLC, PAL,
OLE, LNL, LIN, EIC and ERU) were larger than 0.950.

Relationships among 10 quality characters

The complete correlation coefficients among the 10 quality
traits under investigation are presented in Table 4. The ob-
jective was to explore which traits are well associated and
meaningful for breeding. The OC correlation coefficients
were significantly (2<0.01) negative against PC, GLC,
PAL, OLE, LNL and LIN, whereas they were significantly
(P<0.01) positive against EIC and ERU. Of the above
correlation coefficients, the absolute value of the correl-
ation coefficient between OC and PC was the largest
(—0.589*%). GLC was positively and significantly correlated
with ERU (7= 0.627*), and PAL had a significantly positive
correlation with LNL (r=0.967*). There were negative
and significant correlations between PAL and ERU (r=
—0.952*), and the correlation coefficients between OLE
and LNL (r=0.861*) were positive and significant. There
were negative and significant correlations between OLE
and ERU (r=—0.955") as well as between LNL and ERU
(r=—0.946*").

PCA

Associations among 488 B. napus accessions were ob-
tained from a PCA with the 10 quality traits and the different
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Table 4. Correlation coefficients among 10 quality characters of 488 B. napus accessions evaluated in 2011 and 2012

OC PC GLC PAL STE OLE LNL LIN EIC ERU
OC
PC —0.589**
GLC  —0.194** 0.334**
PAL  —0.174** —0.080 —0.536**
STE  —-0.171** —0.100* —0.640** 0.861**
OLE —-0.137** —0.143** —0.709** 0.846** 0.852**
LNL  —0.249** 0.032 —0.506** 0.967** 0.863** 0.861**
LIN —0.160** 0.003 —0.094* 0.619** 0.417** 0.331** 0.561**
EIC 0.181** 0.034 0.636** —0.439** —0.609** —0.804** —0.525** 0.093*
ERU 0.159** 0.116* 0.627** —0.952** —0.880** —0.955** —0.946** —0.560** 0.617**

*, **Significant at the P < 0.05 and 0.01 probability levels, respectively.

ecotypes as the first two principal coordinates (first princi-
pal component (PC1), and second principal component
(PC2)) (online Supplementary Fig. S1). The first two PCA
components provided a reasonable summary of the data
and explained 42.5% of the total variation. The PC1 was
the most important and explained 26.9% of the total vari-
ance, and 15.6% of the variation among accessions was at-
tributed to the PC2. Winter OSR accessions were distributed
in lower part of the plot; spring OSR accessions were main-
ly distributed in the middle part of the plot; and semi-winter
OSR accessions were mainly distributed in the upper part of
the plot. In other words, most of the materials in the winter,
spring and semi-winter OSR accessions were distributed in
the middle of the plot, so there was no clear boundary
among the three ecotypes.

Associations among the 488 B. napus accessions were
obtained from a PCA with the 10 quality traits and the dif-
ferent geographic origins as the first two principal coordi-
nates (PC1 and PC2) (online Supplementary Fig. S2).
European and Chinese accessions accounted for 84.2% of
the total number of accessions. European accessions were
distributed in the lower part of the plot, whereas Chinese
accessions were distributed in the upper part of the plot,
and the two distributions partially intersected. The acces-
sions from Japan, America, Australia and other regions,
which accounted for 15.8% of the total, were distributed
in both broken parts of the plot. In other words, there
was no clear boundary among the materials of different
geographic origins.

Discussion

Improving the quality and increasing the OC are significant-
ly important in OSR breeding and production, but the
phenotypic variation in quality traits is continuous and in-
fluenced by different alleles. In this study, we found a wide
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range of variation in 10 quality traits among the evaluated
accessions, and these results, especially the identification
of excellent germplasm, will provide important support
for the improvement of B. napus quality.

Out of 10 quality traits, three (OC, PC and EIC) showed
unimodal normal distributions while the other seven traits
(GLC, PAL, STE, OLE, LNL, LIN and ERU) showed bimodal
normal distributions. The bimodal normal distributions of
seven quality traits may be due to artificial selection; the bi-
modal distribution of ERU could have resulted from artificial
selection in two directions (low erucic acid and edible oil
quality breeding or high erucic acid oil industry breeding).

Of 488 accessions, the observed means for the two traits
(ERU and GLC) of 406 lines (95.5%) were consistent with the
original values, indicating the reliability of the study results.
In an additional 22 lines (4.5%), the observed means of the
two traits (ERU and GLC) were inconsistent with the original
values. Errors in the original germplasm data was the first
reason for this mismatch, while the second was the failure
to strictly isolate those germplasms during the regeneration
process, which led to a change in the above two traits.

All 10 quality traits were highly significantly (P<0.01)
correlated between the 2 years, demonstrating the replic-
ability of our experimental results. Environment (year) con-
tributed the largest portion of the variation to STE (28.24%)
out of the 10 phenotypic traits (Table 3). Online
Supplementary Table S4 shows that the heritability of the
STE trait was smallest of the seven fatty acid components,
which indicated that this character (STE) was most influ-
enced by the environment (year). Using 282 double hap-
loid lines from Sollux and Gaoyou, Zhao et al. (2008)
found high heritabilities for OC and all fatty acids (h*=-
0.82-0.94), except for STE (b*=0.38), which is consistent
with our results.

Although the effect of the total variation in the environ-
ment on OC can be ignored (0.00% ns), the interaction be-
tween genotype and environment was larger (9.92%*) as
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was the contribution of the error to the total variation
(23.09%) (Table 3). Online Supplementary Table S4
shows that the heritability of the OC trait was 0.815. Han
(1990) and Zhao et al. (2008) determined the heritability
of this trait (OC) in B. napus to be 0.820 and 0.900, respect-
ively, and our result is consistent with Han (1990) and ap-
proximates that of Zhao et al. (2008).

In this study, the average OC of the semi-winter OSR ac-
cessions was significantly higher (P<0.01) than that of the
winter and spring types (online Supplementary Table S2).
The high OC of the semi-winter types was closely related to
the ecological adaptability of the varieties. This experiment
was carried out in the semi-winter ecological zone, and
semi-winter OSR accessions are adapted to the temperate
climate in China, where they are preferred over the winter
and spring types due to their considerably higher potential
OC (Kimber and McGregor, 1995; Friedt and Snowdon,
2009). Similarly, the mean OC of the Chinese accessions
was higher than that of other accession sources, which
may also be attributed to ecological adaptability.

Our results showed that the average GLC and ERU of the
Chinese accessions declined continuously from 1950-1970
to 2001-2010 and especially decreased significantly
(P<0.0D) from 1991-2000 to 2001-2010, which was closely
related to the history of Chinese double-low rapeseed breed-
ing. It has been suggested that in this period, Chinese bree-
ders began to focus on improving the quality of B. napus,
and this goal was indeed achieved during this period. As
for OC, the mean OC of the Chinese accessions did not
change significantly (P>0.05) from 1950-1970 to 2001-
2010 (Table 2), suggesting that it is difficult to improve this
trait (OC) but also that there is great room for improvement.

The results of previous studies of the relationship be-
tween OC and OLE were inconsistent. Using high erucic
acid B. napus, Nath et al. (2009) found that OC was signifi-
cantly negatively correlated with oleic acid and positively
correlated with ERU; the significant positive correlation be-
tween OC and ERU were also confirmed by Klassen (1976).
While Mollers and Schierholt (2002), Zhao et al. (2008), and
Dimov and Mollers (2010) observed a positive correlation
between OC and OLE using low erucic acid B. napus, a
Pearson’s correlation analysis of quality traits showed that
OC had a significantly (P<0.01) negative correlation with
OLE and a positive correlation with ERU (Table 4). These
results were in accordance with those of some previous re-
ports (Klassen, 1976; Nath ef al., 2009; Abideen et al., 2013)
and inconsistent with those of others (Mollers and
Schierholt, 2002; Zhao et al., 2008; Dimov and Mollers,
2010). This may have been because of the B. napus acces-
sions selected for our study. Mollers and Schierholt (2002),
Zhao et al. (2008)and Dimov and Mollers (2010) used zero
erucic acid material, while Nath et a/. (2009) and Abideen
et al. (2013) used high erucic acid material. In this study,
most of the materials were high erucic acid accessions.
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Previous researchers have consistently found a signifi-
cantly negative correlation between OLE and ERU (Khan
et al., 2008; Islam et al., 2009; Tonguc and Erbas, 2012),
and a Pearson’s correlation analysis of quality traits in this
study showed significant negative correlations between
OLE and ERU (r=—0.955*). The results were consistent
with previously reported results (Khan et al., 2008; Islam
et al., 2009; Tonguc and Erbas, 2012).

Previous conclusions about the relationship between
oleic acid and LNL are also inconsistent. Using high erucic
acid B. napus, Liu (1981) and Zhou and Liu (1987) con-
firmed a significant positive correlation between OLE and
LNL, while Mollers and Schierholt (2002), Zhao et al.
(2008) and Dimov and Mollers (2010) found a negative cor-
relation between OLE and LNL using low erucic acid B.
napus. In this study, Pearson’s correlation analysis of qual-
ity traits also found positive and significant correlation coef-
ficients between OLE and LNL (7= 0.861*) (Table 4), which
is in accordance with some previously reported results (Liu,
1981; Zhou and Liu, 1987) and inconsistent with others
(Mollers and Schierholt, 2002; Zhao et al., 2008; Dimov
and Mollers, 2010). This result may have been due to
most of the materials being high erucic acid accessions,
which were also used by Liu (1981) and Zhou and Liu
(1987).

Table 4 also shows that GLC was significantly positively
correlated with ERU (= 0.627*), but these results were in-
consistent with the independent inheritance of the two
traits (GLC and ERU) (Zhou and Liu, 1989). This may be at-
tributable to artificial selection for orientation in OSR
breeding.

In this study, PCA showed that there was no obvious
distinction among accessions from different ecotypes
and geographic origins (Figures S1 and S2). Chen et al.
(2014) reported that three major groups (winter OSR acces-
sions, spring OSR accessions and semi-winter OSR acces-
sions) could be distinguished when projecting the
accessions onto the first two PCAs, but the result was incon-
sistent with Chen et al. (2014). This may be related to the
amount of information about the 10 quality traits.
Although there are apparently 10 quality traits in our
study, there may have been only three types of traits (OC
and PC were classified as the first kind, GLC as the second,
and the composition of the seven fatty acids as the third).

Conclusions

Near-infrared evaluations of B. napus accessions showed a
wide range of variation in quality traits. In general, Chinese
accessions tended to have a higher OC than foreign acces-
sions, and among winter and spring accessions, semi-
winter accessions tended to have the highest OC. Over
time, the mean total GLC and ERU of Chinese rapeseed
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accessions showed a gradual downward trend. Genotypic
variation in ERU accounted for 98.44% of the total variation,
which was the highest among all 10 of the quality traits, and
heritability for ERU was also the largest among all 10 of the
quality traits. Environment (year) contributed the largest
portion of the variation in STE (28.24%) among all 10 of
the quality traits. OC significantly (£ < 0.01) negatively cor-
related with OLE, whereas it was significantly (<0.01)
positively correlated with ERU. PCA revealed no clear
boundary among the study materials along the first two
principal coordinates of different geographic origins and
different ecotypes. High variations in quality traits were
found among these accessions, indicating that it is possible
to select for these characters. Moreover, the phenotypic
quality trait data obtained in this study could be used in
our subsequent genome-wide association studies in
B. napus.

Supplementary material

The supplementary material for this article can be found at
https://doi.org/10.1017/51479262117000089.
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