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Introduction

In recent years, the relationships among some nutrient-
quality traits in rapeseed (Brassica napusL.) have been stud-
ied in terms of phenotypic, genotypic and/or environmental
correlations (Kondra and Thomas 1975; Bahram et al. 1977;
Yadava et al. 1983; Chen and Beversdorf 1990; Ecker and
Yaniv 1993; Liu et al. 2001). It has also been recognized
that phenotypic variations for some important quality traits
of rapeseed are simultaneously controlled by genetic main
effects from embryo, cytoplasm and maternal plant, as well
as by their genotype x environment interaction (GxE) effects
(Zhang et al. 1996; Shi et al. 2003; Zhang et al. 2004a,b; Wu
et al. 2005). The objectives of the present study were mainly
to estimate the genotype correlation components—including
genetic main correlations and GxE interaction correlations—
across different genetic systems (embryo, cytoplasm, mater-
nal plant) for fatty acids and other nutrient traits in rapeseed.

Materials and methods

Experiments were conducted in 1998 and 1999. The di-
allel design was used for this experiment, with eight par-
ents of Brassica napus, namely Youcai 601, Gaoyou 605,
Huashuang 3, Yunyou 8, Zhongyou 821, Eyouchangjia,
Zhong R-888 and Tower. The seeds of parents and F s ob-
tained by crossing among the eight parents were sown on
October 7 in both years, and 31-day-old seedlings were indi-
vidually transplanted in 35cm x 30 cm spaces in the exper-
imental farm at Zhejiang University. There were 24 plants
in one plot and the experiment was laid out in a random-
ized block design with three field replications. Standard cul-
tural practices were followed throughout the growing sea-
son. Seed samples of parents and F, seeds on F; plants were
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derived at maturity from eight plants in the middle part of
each plot. Samples of F; seeds analysed were obtained by
using the method of isolated pollination during the flower-
ing season. Fatty acids—palmitic acid content (PAC), oleic
acid content (OAC), linoleic acid content (LAC), linolenic
acid content (LLAC), eicosenoic acid content (EIAC) and
erucic acid content (EAC)—were determined (%) by gas
chromatography (Zhou and Liu 1987) on a Shimadzu GC-
9A. Glucosinolate content (GSLC; umol/g), oil content (OC;
%) and protein content (PC; %) were also determined by
near-infrared reflectance spectroscopy using a NIRSystems
model 5000 monochromator (Shenk and Westerhaus 1993),
for which about 3 g of each intact sample was scanned in a
small ring cup of 36 mm inner diameter.

Since the performance of rapeseed quality traits could
be simultaneously controlled by different genetic systems,
including diploid embryo, cytoplasm and diploid maternal
plant, the genotypic correlation among these seed-quality
traits may be further partitioned into different components,
including embryo additive and dominance correlations, cyto-
plasmic correlation, maternal additive and dominance corre-
lations, and their G x E interaction correlations. The pheno-
typic correlation (rp = Cp/+/Vex)Ve(y)) and genotypic cor-
relation (rg = CG/«/VG(X)VG(Y)) components among seed-
quality traits were estimated by using the genetic model
for quantitative traits of the diploid plant (Zhu 1992; Zhu
and Weir 1994). rg was further partitioned into (i) ge-
netic main correlation (rg, = Cay,/+/Veum Veuy,) COMPo-
nents, including embryo additive (ra = Ca/+/VaxVaw))
and dominance (rp = CD/N/VD(X)VD(Y)) correlations, cy-
toplasmic correlation (rc = Cc/‘/VC(X)VC(Y)), and mater-
nal additive (ram = Cam/+/Vamx)Vam(y)) and dominance
(rom = CDm/w/va(X)VDm(Y)) correlations; and (ii) G x E in-
teraction correlation (ree = Cge/+/Voex) Vee(y)), including
embryo additive (rag = CAe/«/VAE(x)VAE(Y)) and dominance
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(roe = Coe/~+/Voe) Voe(y)) interaction correlations, cyto-
plasmic interaction correlation (rcg = CCE/«/VCE(X)VCE(Y)),
and maternal additive (r ame = Came//Vame)Vame)) and
dominance (fpme = Cpme /\/vaE(X)VDmE(\O) interaction
correlations. Residual correlations (re = Ce /‘/Ve(x)vem) for
these nutrient-quality traits were also estimated. The Jack-
knife technique (Miller 1974; Zhu and Weir 1996) was ap-
plied by sampling generation means of entries for estimating
the standard errors of estimated components of correlations.

Results and discussion
Analysis of relationships among fatty acids

Fatty acid component content was closely related to the nu-
trient quality of rapeseed oil. Significant relationships among
fatty acids, as reflected in rp and rg values, were found for
most of the pairwise tests (table 1). Significant positive re-
lationships were found between PAC and OAC, PAC and
LAC, and OAC and LAC, indicating that simultaneous im-
provement in these three traits could be achieved by selecting
plants with high PAC, OAC and LAC. Since the relationships
between PAC and EAC, OAC and EAC, and LAC and EAC
were significantly negative, plants with higher PAC, OAC
and LAC and lower EAC could be obtained by breeding.
But breeding may not achieve simultaneous improvement of
PAC and EIAC, OAC and EIAC, or LAC and EIAC because
of their significant negative relationships, and may not also
be suitable for PAC and LLAC, or EIAC and EAC because
of the significant positive relationships. No significant rela-
tionship was observed between OAC and LLAC, LAC and
LLAC, or LLAC and EIAC, except for rp between LAC and
LLAC at 10% significance level.

For rg, the results showed that components of rge for
the pairwise tests tended to be higher than rg,, from embryo,
cytoplasmic and maternal genetic systems, suggesting that
the contributions from different genetic systems to the cor-
relations between quality traits were influenced by environ-
mental factors. For rg,,, all rp were significant, suggesting
that the relationships due to embryo dominance effects were
close. Next in importance were relationships examined by
rom, Which in most of the pairwise tests were significant, es-
pecially between OAC/ LAC/EAC and other fatty acids. For
ree, the results indicated that rpg, rce and rpme were signif-
icant, except for rpg between PAC and EIAC or LLAC and
EIAC. rame Was also an important measure because most of
the rame Were significant. Most of the genotypic correlation
components and their G X E interaction correlations were sig-
nificant for the pairwise tests of PAC and OAC, OAC and
LAC, or PAC and EAC, OAC and EAC, LAC and EAC, sug-
gesting that these could be simultaneously improved because
of the significant positive or negative relationships.

Analysis of relationships among GSLC, OC and PC

High OC is one of the most important aims in rapeseed
breeding. Rapeseed meal with higher PC and lower or no

GSLC is considered as a valuable protein source for ani-
mal feed. Information about the contributions from differ-
ent genetic systems to relationships among GSLC, OC and
PC might help breeders to design effective breeding proce-
dures for developing new varieties of rapeseed with high OC
and PC and low GSLC. The rp and rg values for pairwise
tests among GSLC, OC and PC (table 2) indicated that a va-
riety with higher OC and lower GSLC might be obtained in
rapeseed breeding because of their significant negative corre-
lations, while it would be difficult to simultaneously improve
plants for PC and GSLC, as they were significantly positively
correlated. It may be possible to breed for higher OC and PC
because all rp and rg for this pair of traits were nonsignifi-
cant. Among the genotypic correlation components, r a, rcg,
and rpme were the most important. rapy, was also critical in
the pairwise tests of GSLC and OC, and GSLC and PC.

Relationships between fatty acid components and other quality
traits

Rapeseed breeders are now paying more attention to achiev-
ing the combination of higher OC with ideal fatty acid com-
ponents and higher PC, and lower or no GSLC. It is therefore
important to understand the correlations between fatty acid
components and other quality traits. The rp and rg results in
table 3 show that GSLC and OAC/LAC/EAC, and OC and
EIAC may be simultaneously improved by selection because
of the significant negative or positive relationships for these
pairs of traits. But simultaneous improvement is unlikely for
the pairs GSLC and EIAC, OC and OAC/LAC/EAC, and PC
and OAC/LAC/EAC, since rp and rg were all significant for
these pairs of traits. So in general, rapeseed breeders could
achieve the breeding effect of reducing GSLC and increasing
fatty acid components except for EIAC at the same time. But
it would be difficult to breed for rapeseed with high OC or
PC and ideal fatty acid composition of OAC, LAC and EAC.
Our results also indicate that rg,, componentsra, rp, r'c,
ram and rpm were higher for GSLC and fatty acid compo-
nents pairwise, while rge components r ag, rpg, r'ce, Fame and
rome Were more important for OC or PC and fatty acids pair-
wise. These results suggest that the relationships between
GSLC and fatty acids are more stable than those between
fatty acids and OC or PC under different conditions. The cor-
relations reveal that rpg and rcg may be more important than
others, since most of them were significant. In other words,
the correlation components that estimate embryo dominance
interaction effects and cytoplasmic interaction effects reveal
strong relationships and the influence of these effects on the
simultaneous performance of the traits. The correlation com-
ponents that estimate embryo additive effects (ra), embryo
dominance effects (rp) and maternal additive effects (ram)
are also crucial indicators of relationships between fatty acid
components and GSLC, OC or PC. Our results also show that
the components rg,, and rge were mostly significant for the
pairs GSLC and PAC/EAC, and PC and OAC/LAC/EAC.
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Since most of the residual correlations (re) were signifi-
cant, the pairwise relationships among these nutrient-quality
traits were also influenced by sampling errors.

Our results of genotypic correlations might be used in
rapeseed nutrient-quality breeding and the analysis method
for genotypic correlation components could be applied in
other dicotyledonous crops.
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