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Abstract

The heritability, the number of segregating genes and fhe®y gene interaction of nine agronomic traits were andysesed

on F, populations of synthetic oilsedgtassica napus produced from interspecific hybridization Bf campestris andB. oler-
acea through ovary culture. The nine traits—plant height, steilitty number of branches, length of main raceme, number
of pods per plant, number of seeds per pod, length of pod,wegght per plant and 1000-seed weight—had heritabilitfes o
0.927, 0215, 0172, 0381, 0360, 0972, 0952, 0516 and P87 respectively, while the mean numbers of controllingegen
for these characters weretd7104, 99, 129, 115, 217, 205, 198 and 64 respectively. According to estimated @@&ents

of skewness and kurtosis of the traits tested, no signifigane interaction was found for plant height, stem width, bem

of branches, length of main raceme, number of seeds per pbd@00-seed weight. Seed yield per plant is an important
target for oilseed production. In partial correlation gs&, number of pods per plant, number of seeds per pod ar@ 100
seed weight were positively correlated with seed yield pantp On the other hand, length of pod was negatively caedla

(r = —0.69) with seed yield per plant. Other agronomic charactetlsiassignificant correlation to seed yield per plant. In this
experiment, the linear regressions of seed yield per plahbéher agronomic traits were also analysed. The lineaessgpn
equation way = 0.074xg + 1.819%g + 6.72x;, — 60.78 (R? = 0.993), wherexg, X andx;, represent number of pods per plant,
number of seeds per pod and 1000-seed weight respectivetyexperiment also showed that erucic acid and oil contdnts o
seeds from fplants were lower than those of their maternal parents. Meryglucosinolate content was higher than that
of the maternal plants. As for protein content, similar teswere found in the fplants and their maternal parents. It was
shown that the four quality traits, i.e. erucic acid, glunofate, oil content, and protein content, had heritabilues of
0.614, 0405, 0153 and (680 respectively.

[Zhang G. and Zhou W. 2006 Genetic analyses of agronomic aed gquality traits of synthetic oilsee®tassica napus produced from
interspecific hybridization oB. campestris andB. oleracea. J. Genet. 85, 45-51]

Introduction The genusBrassica has 159 species, including a number
The oilseed Brassica species B. napus, B. rapa or of wild species that are potential sources of novel and eco-
P - napus, B. Tap nomically important characteristics (Zhou 2001; Zheu

B. campestris, and B. juncea) are now the third most im- .

: o al. 2006). However, for breeding purposes, some of these
portant source of edible vegetable oil in the world after = ™ X L
palm and soybean oil.Brassica is a winter oil crop and species are not easy to characterize because of their wild or

. . o . in, and the crosses are also often incompatible as a rdsult o
the most important source of edible oil in China, expandz_ ’. ; ; .
. ; . ) . : arriers to crossing such as the abortion of hybrid embryos
ing rapidly as a rotation crop following rice. The improve-

ment ofBrassica has mostly been confined to the exploitation(l‘Iu 1984; Zhanget al. 2001; Momohet al. 2002). Con-

. X S . . sequently, breeders have to resort to special techniques to
of naturally occurring genetic variation in cultivated sjess. achieve wide hybridization (Ayottet al. 1987: Quazi 1988:

Xu et al. 1995; Zhouet al. 2002a,b). Through these tech-
“For correspondence. E-mail: wjzhou@zju.edu.cn. niques, especiallyn vitro culture and embryo rescue, such

Keywords. synthetic oilseed; doubled haploid; genetic analysisggeteraction; agronomic traits; seed qualByassica napus.

Journal of Genetics,Vol. 85, No. 1, April 2006 45



Guoging Zhang and Weijun Zhou

interspecific crosses can be successfully carried out (Mand chromosome doubling. It is very important to analyse

Naughten 1963; Agnihotet al. 1991; Guet al. 2003, 2004; the correlation between yield and agronomic and seed qual-

Tanget al. 2003; Zhangt al. 2003b). ity traits to determine the main target traits for incregsin
Brassica napus (2n = 38) is the natural alloploid from vyield and improving seed quality, so that such crosses may

B. campestris (2n = 20) x B. oleracea(2n = 18). The allo- be quickly and widely used in practice in rapeseed breeding

tetraploidB. napus has been produced from its diploid pro-and production. In addition, it is hoped that this method of

genitor speciesR. oleracea andB. rapa) by sexual interspe- analysis could be used in other related research.

cific hybridization and somatic hybridization (Nishi 1980;

Jourdanet al. 1989; Heath and Earle 1996; Zhaegal. Materials and methods

2001, 2004). Artificial hybridization oB. campestris and  pjant material

B. oleracea may be useful for providing further approaches ) .
and novel characteristics in oilse@lassica research and Three cultivars ofB. campestris syn.B. rapa (cv. Hauarad

breeding programmes, especially because the winter ragi2m Sweden and cvs. Maoshan-3 and Youbai from China)
seedB. napus is very important to China. Our previous ex-Were used as maternal parents and crossedBvitheracea
periments (Zhangt al. 2004) showed that, through embryo(CV- Jingfeng-1 from China) in the experimental field of Zhe-

rescue (using ovary culture), seeds were formed and ptantiéiang University during April 2002. Flower buds of the ma-
were successfully produced from the cr@&scampestris x  ternal parents were emasculated 24-48 h before anthedis, an

B. oleracea. It was found that ovary age (days after pol-frésh pollen from the paternal parent was applied to the stig
lination), cross combination and culture media were cryn@s. The flowers were then protected with bags and tag-
cial to successful seed formation and number of seeds gaPelled. The ovaries were excised 9-12 days after pollina-

ovary (Chenet al. 2000; Chen and Wojciechowski 2000;“0” and culturedn vitro (Zhanget al. 2004). The resul-
Zhanget al. 2004). Three novel synthetic oilse@ na- tantseeds were grown intq plantlets and then chromosome

pus populations were obtained from interspecific hybridizadoubling was induced by treatment with colchicine (Zhang
tion of B. campestris andB. oleracea through ovary culture @- 2004),'to produpe DH plants which were transplanted into
(Zhanget al. 2004). The plants generated were subjected {§€ experimental field in November 2002. From the cytolog-
colchicine treatment, and thus doubled haploid (DH) popuic@l identification and progeny investigation, these regen

lations were obtained, and their agronomic traits and se&d plants were proved to I napus (Zhanget al. 2003a,
qualities were analysed. 2004). Seeds from thesg PH plants were harvested in

It is known that the total yield of oilseed rape igexted May 2003 and the Fseeds were sown in the field of the ex-
by various agronomic traits such as branch number, leng@¢rimental farm at Zhejiang University during October 2003
of main branch, number of pods per plant, etc. (Ztebu In May_ 2004 the E plants obtained were used _for genetic
al. 1997; Leul and Zhou 1998, 1999). Correlations betweednalysis. The ffrom the three crosses Hauaradingfeng-
agronomic traits and seed yield have been reported by deveta Maoshan-3< Jingfeng-1 and Youbak Jingfeng-1 were
researchers (Liu 1984; Momoh and Zhou 2001; Moreit. ~ €@lled Ni, N2 and N; respectively (N stands forapus, Bras-
2004). However, genetic analyses of agronomic traits als wel Ca napus).
as seed quality characters have seldom been reported. B - '
on our previous experiments (Zhaegl. 2003a, 2004), this aéﬁgrade”zanon of F2 generations
work has been extended and the present report deals wi@pservations on various morphological characters such as
the genetic analyses of several quantitative traits of our aplant height, stem width, branch position, length of main
tificially synthesized oilsee®. napus produced from inter- raceme, number of pods in main raceme, pod density in main
specific hybridizations betweeB. campestris and B. oler-  raceme, length of pod, number of pods per plant, number of
acea through ovary culture. The major objectives were tseeds per pod, number of primary branches, number of sec-
consider the main characters useful to predict and increagadary branches, 1000-seed weight and seed yield per plant
yield as well as improve seed quality. The material used iwere recorded from the;Fplants in May 2004. Ten plants
this study is unique to our breeding programme, as we us&dth three replications were used in the experiment. At the
the novel artificially synthesized oilse@dassica napuspro- same time, seed samples from thesepkants from each
duced from interspecific hybridization & campestrisand field plot were used to measure the erucic acid, glucosino-
B. oleracea. Their paternal parent (cv. Jingfeng-1) and twdate, oil and protein contents using near-infrared reflemta
of the three maternal parents (cvs. Maoshan-3 and Youb&ipectroscopy (NIR System 5000; NIR Systems Inc., Silver
showed good agronomic characters, and are grown wideBpring, USA) (Leonardo and Becker 1998; \&tal. 2002).
in China. Another maternal parent (cv. Hauarad) was from =
Sweden, and showed relatively good adaptation to local Ch2tistical methods
nese environments. All three crosses have much significanthe MINQUE (Q1) method (Zhu 1992; Zhu and Weir 1994)
to oilseed breeding, especially because thafd F, plants was used to estimate additive varian®g Y components for
and seeds were obtained successfully through ovary cultusach agronomic and seed quality trait. Phenotypic variance
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(Vp) of each trait was also estimated. The estimates of vatiranches (A72).
ances were further used for calculating the heritabilitpc& The numbers of genes controlling each trait were esti-
this experiment used the DH populations, and we know thatated. The results showed that number of genes controlling
each DH line is genetically homozygous at all loci, its genumber of seeds per pod was the highestqR Tollowed by
netic variance was equal to the additive variance (Carantiaat for length of pod, seed yield per plant, length of main
and Palloix 1996). Consequently, with the DH populatiam, itraceme, number of pods per plant and stem width (all over
broad-sense heritabilit)hg) was equal to the narrow-sensel0.0) (table 1). However, the numbers of genes controlling
heritability (i2). The number of genes) controlling each number of branches and plant height we@#nd 74 respec-
agronomic trait was estimated as:= (L — M)2/Va, where tively, and the least number of genes was found for 1000-seed
L is extreme value and M the population mean of each agraveight (only 64).
nomic trait (Choo and Reinbergs 1982a). The skewness and kurtosis of the agronomic characters
In this experiment, the cdiécients of skewness and kur- were tested. Gene interaction was found to be absent for
tosis of the traits were estimated using the SPSS 10.0 anplant height, stem width, number of branches, length of main
ysis system (SPSS 1999). If no gene interaction is foundaceme, number of seeds per pod and 1000-seed weight.
the kurtosis will be smaller than zero, otherwise the kustos However, gene interaction was detected for number of pods
will be larger than zero. If duplicate interaction is obsty per plant, length of pod and seed weight per plant, and the
the skewness will be smaller than zero, but if the skewnessksirtosis values were. 040, 2176 and 2598 respectively (ta-
larger than zero, it will show that there is complementary inble 1). Complementary interaction of these three traits was
teraction (Choo and Reinbergs 1982b; Zhang and Xue 19950 observed, and their skewness values wesg7) Q798
Yu et al. 1998). In this experiment, partial correlations of 13and 1361 respectively.
agronomic traits were analysed. In additiofieets of the 12
agronomic traits on seed yield per plant were analysed usifgalysisof partial correlations

stepwise linear regression in the SPSS 10.0 analysis systepytial correlations and one-way analysis of variance
(ANOVA) of 13 agronomic traits—stem width, plant height,

Results branch position, length of main raceme, number of pods, pod
density in main raceme, length of pod, number of pods per
plant, number of seeds per pod, number of primary branches,
Heritability of nine quantitative traits was analysed lwhsenumber of secondary branches, 1000-seed weight and seed
on populations of artificially synthesizé®l napus produced yield per plant—were carried out. It was shown that the nine
through ovary culture from crosses betwedgncampestris  agronomic traits from the three crosses had significant dif-
andB. oleracea. It was shown that these nine traits—plantfferences at the.05 level of probability (table 2). The par-
height, stem width, number of branches, length of maitial correlations of all 13 agronomic traits were analysed a
raceme, number of pods per plant, number of seeds per pdide results are given in table 3. It was observed that there
length of pod, seed weight per plant and 1000-seed weightwas a significantly negative correlation between seed yield
had heritability values of 927, 0215, Q172, 0381, 0360, per plant and length of pod, with a correlation fitment of
0.972, 0952, 0516 and M87 respectively (table 1). Her- —0.69. On the contrary, a significantly positive correlation
itability values for plant height, number of seeds per podyas observed between seed yield per plant and humber of
length of pod and 1000-seed weight were the high®s®, pods per plant and 1000-seed weight, with correlation coef-
while the lowest heritability was observed for the number dficients of 075 and 083 respectively.

Heritability and gene interaction of nine quantitative traits

Table 1. Estimated heritabilitylf?) and the cofficients of skewness and kurtosis of the agronomic charactefs generation from
synthetic oilsee®. napus.

Character Va Vp h2 Mean Genesn) Skewness Kurtosis
Plant height (cm) 7664 81988+ 0.927* 15310 74 0.950 -0.792
Stem width (cm) 066+ 5.866 0.215 2210 104 0.932 -0.966
No. of branches Q64+ 1.469* 0.172 15466 Q9 0.525 -0.870
Length of main 52508+ 137948+ 0.381** 64.577 129 0.985 -0.665
raceme (cm)

No. of pods per plant 20446+ 568096 0.360* 42538 115 0.557 Q740
No. of seeds per pod am 66.93 0.972* 17.219 217 0.782 -0.668
Length of pod (cm) 566+ 8.056 0.952* 7.668 205 0.798 2176
Seed weight per plant (g) B 16068 0.516* 35310 198 1361 2598
1000-seed weight (g) .068* 1.081* 0.987* 4.186 64 0.490 -0.351

Significance atP = 0.1, P = 0.05,**P = 0.01.
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Table 2. Analysis of variances of the 13 agronomic characters,@fdheration from synthetic oilse@&l napus.

Source SW PH BP LMR NPR PD LP NPP NSP NPB NSB SWT SWP

Between groups  10.73 4848.95 945.78 1117.86 835.56 0.048 263893.64 49.34 14.47 49.40 215 236.29
Within groups 0.08 87.62 4949 2177 112.60 0.01 0.49 1BRI46.07 057 23.07 0.23 67.32
F 125.08 55.34 1190 51.36 742 395 4.80 3.63 8.13 25,53 2.1m591 3.51
Significance <0.001 <0.001 0.001 <0.001 0.011 0.054 0.034 0.065 0.0120.001 0.160 0.003 0.080

SW, stem width; PH, plant height; BP, branch position; LM&hdth of main raceme; NPR, number of pods in the main racebg; P
pod density in the main raceme; LP, length of pod; NPP, nurabpods per plant; NSP, number of seeds per pod; NPB, nhumber of
primary branches; NSB, number of secondary branches; S@0D-seed weight; SWP, seed weight per plant.

Table 3. Analysis of partial correlations ofFgeneration from synthetic oilse®&l napus.

SW PH BP LMR NPR PD LP NPP NSP NPB NSB SWT SWP
(X1) (X2) (X3) (Xa) (Xs) (Xs) (X7) (Xs) Xo)  (X10) (X11) (X2)  (Y)
X1 1.00

X2 0.92* 1.00

X3 0.7 0.85*  1.00

X4 097+ 093" 0.66 100

X5 0.67 090  0.79 0.73 1.00

X6 0.67 0.77 0.53 Q70 0.83* 100

X7 -0.63* -046" -018 -062 -016 -0.12 100

X8 0.67 044+  0.04* 067 015 032 -0.74 1.00

X9 000 -022¢ 010" -015 -044 -0.45 006~ -0.23 100

X10 -0.83* -081* -0.74 -0.76" -069° -0.73 047 -033 -0.09 100

X111 -062 -075 -087 -056 -078 -0.7I° 0.13 089 -0.09 Q77 1.00

X12 -038 -035 -033 -025 -025 -0.34 029 -044 019 051 022 100
Y 0.57 022 -0.02 053 -0.16 0001 -0.69 075+ 039+ -026 092 083" 100

Abbreviations as in table 2.
Significance atP = 0.05,**P = 0.01.

From table 3, it can also be seen that number of branchesjalysis and heritability of seed quality traits

including primary and secondary branches, had a signif_il;h q les f h dt
cantly negative correlation with plant height, branch piosi € Seed samples Irom €ach cross were used o measure eru-

and pod density, and their oieients were-0.81, —0.74 cic acid, glucosinolate, oil and protein contents usinghea
~0.73 and—0.75. —0.87 —0.71 respectively but there was Infrared reflectance spectroscopy. It was observed that glu

no significant correlation between 1000-seed weight and e smolgte content of the seeds from the threiegenies
were higher than those from their maternal parents and the

the other 12 agronomic traits. A significantly negative cor- g
relation was observed between length of pod and three agl%qntents reached 9B 1279 and 9%umol/g, respectively

nomic traits (stem width, plant height and branch position)(table 5), but the grucic_ acid and oil contents of thelants
and their correlation cdBcients were—0.63, -0.46 and o ¢ lower than in their materal parents at39 and

—0.18, respectively. 27.3%, and 334, 314 and 353% respectively. Protein con-
o ' tent was similar in the fplants and their maternal parents.

Analysis of linear regression of seed yield per plant and other The heritability of the four seed quality traits was alsolana

agronomic traits ysed. It was shown that erucic acid, glucosinolate, oil and

In the present experiment, the linear regression of sedd yieProtein content had heritability values a4, 405, 0153

per plant and other agronomic traits was analysed. Trnd 0680 respectively.

results showed that the stepwise method of linear regres-

sion could be us_ed, since there was significalfﬂedience _ Discussion

between seed yield per plant and other agronomic traits

(F = 28311 P < 0.001) (table 4A). It was observed that Through analysis of the heritability of nine quantitative

three characters (number of pods per plant, number of sedtiits based on three populations of oilse&dnapus syn-

per plant and 1000-seed weight) had a significdfgot on thesized artificially through ovary culture from crosses be

seed yield per plant, and all tHe values were<0.001 (ta- tween B. campestris and B. oleracea, it has been shown

ble 4B). The cofficients of the linear regression equatiorthat number of seeds per pod, length of pod and 1000-seed

were estimated, and were as follows: 0.074xg+1.819%y+  Weight are lessféected by the environment, and these char-

6.72x1> — 60.78 (R? = 0.993). acters could be used to select directly for breeding pupose
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Table 4. Analysis of linear regression of seed yield per plant an@io#gronomic traits of Fgeneration from synthetic
oilseed B. napus.

(A) ANOVA (d)

Model SS df MS F P

1. Regression 62217 1 627217 13667 Q006 (a)
Residual 367148 8 45893
Total 994364 9

2. Regression 89412 2 447356 31424 Q000 (b)
Residual 9%52 7 14236
Total 994364 9

3. Regression 98389 3 329130 283113 Q000 (c)
Residual ®75 6 1163
Total 994364 9

(a) Predictors: (constant), number of pods per plant. (bjiietors: (constant),
number of pods per plant, number of seeds per pod. (c) Poesliqconstant),
number of pods per plant, number of seeds per pod and 10@0aszght. (d)

Dependent variable: seed yield per plant.

(B) Codficients (a)

Unstandardized cdigcients Standardized cfiients
Model B Std. Error B t P
1. (Constant) B60 8876 Q435 Q675
Number of pods per plankg) 0.065 Q018 Q794 3697 Q006
2. (Constant) -16.324 6791 -2.404 Q047
Number of pods per plankg) 0.056 Q010 0686 5615 Q001
Number of seeds per pody| 1.405 Q324 0530 4335 Q003
3. (Constant) -60.778 5344 -11374 <0.001
Number of pods per plankg) 0.074 Q003 0891 21328 <0.001
Number of seeds per poey 1.819 Q104 0686 17561 <0.001
1000-seed weighix{,) 6.720 Q753 Q415 8929 <0.001

(a) Dependent variable: seed yield per plaht §/ = 0.074xg + 1.819 + 6.72x12 - 60.78(R? = 0.993).

Table 5. Mean of seed quality traits of maternal angddgeneration from synthetic oilse®&l napus.

Maternal B
Seed quality Hauarad Maoshan-3 Youbai 1 N N, N3 h2
Erucic acid (%) 23559 34107 37697 20459 23934 27327 Q614
Glucosinolateg mol/g) 59265 111697 67536 98067 127851 99315 Q405
Oil content (%) 42276 36797 38432 33372 31369 35261 Q153
Protein content (%) 3834 42616 42476 43003 42609 43594 0680~

N3, N, and N; are F, generation from the crosses Hauaxdihgfeng-1, Maoshanxdlingfeng-1 and YoubaiJingfeng-1
respectively.
Significance atP = 0.05,* P = 0.01.

However, heritability of number of branches was very lowweight was 84 and was moreftected by environment (Yu
(only 0.172), indicating that variation in number of branchest al. 1998). This is probably due to thefidirent geno-
was more ffected by the environment (table 1). Thus, numtypes (cultivars) used in those experiments from those used
ber of branches was not a good target character for direictour study. In addition, heritability of plant height andm-
selection in breeding programmes. However, in other rdser of seeds per pod weres8 and 074 respectively (Yiet
searches, it has been reported that heritability of 10@@-seal. 1998), which is consistent with the results reported here.
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Therefore, selecting characters with higher heritabilgyar- also showed that oil content of the plants was lower than

gets is very important for breeding purposes and can satlat of their maternal parents, but the heritability wasyonl

labour and time. 0.153. It was shown that the cross wilth oleracea could
According to estimated cdigcients of skewness and kur- lead to decrease of oil content which was greaffg@ed by

tosis of the traits tested, gene interaction was not found fehe paternal plants. As for protein content, similar result

plant height and 1000-seed weight. The numbers of genere found in the fplants and their maternal parents, and

controlling these traits were4 and 64 respectively. Simi- the heritability reached.880. In addition, it was observed

lar results have been reported by other researcherst@®u that erucic acid content of the plants was lower than that

1998). Therefore, the selection of plant height and 10@@lse of the maternal parents. This indicated that erucic aciddcou

weight must be strict, since their heritability is higheim&  be reduced if the proper cultivar &. campestris is inter-

larly, selection of number of pods per plant, length of pod ancrossed with that oB. oleracea.

seed yield per plant should also be strict, because gere inte

action was observed and showed complementary interaction, Acknowledgements

but for stem width and number of branches early selection

should not be strict because the heritabilities were lower a This work was supported by Zhejiang Provincial Science aguhT

were only 0215 and Q172 respectively. nology Department (2004C22013, 2005C22004), ZhejiangiRro
Partial correlation analysis showed that number of pod&al Natural Science Foundation (Y304162), and the Brifishincil

per plant, number of seeds per pod and 1000-seed weigfder the Academic Links with China Scheme (SBI99/300). The

were positively correlated with seed yield per plant. On thauthors thank Dr Richard Lester (University of Birminghaldfk)

contrary, length of pod was negatively correlated with seel@r critical reading of the manuscript.

yield per plant, with correlation cdigcient of —0.69. Other

agronomic characters had no significant correlation wigllse References

yield per plant. This was consistent with the results of btheagnihotri A., Lakshmikumaran M. S., Prakash S. and Jagdramat

researches (Han and Liu 1993; &ial. 2001). In addition, V. 1991 Embryo rescue @. napus x Raphanobrassica hybrids.

it was shown that branch position, number of pods in the CruciferaeNewsl. 14, 92-93. .

main raceme and number of primary branches were neg/°t€ R., Hamey P. M. and Seuza M. V. 1987 Transfer of niazi

. . . . resistance fronBrassica napusto B. oleracea L. |. Production of

tively but insignificantly correlated with seed yield, wkas F, hybrids through embryo rescuuphytica 36, 615—624.

stem width, plant height and length of main raceme showeghranta C. and Palloix A. 1996 Both common and specific geneti

positive but insignificant correlation with seed yield. Tée factors are involved in polygenic resistance of pepper verse

fore, for improving oilseed yield, plants with more pods per PotyvirusesTheor. Appl. Genet. 92, 15-20. o

plant and seeds per pod and higher 1000-seed weight shoften S- Z., Yin J. M., Tang Z. L. and Li J. N. 2000 A preliminary

be selected as the target for the next procedure. At the same;tUdy on interspecific hybridization betweBrassica napus and

g : c o . oleracea var. aceaphala. J. Southwest Agric. Univ. 22, 208—

time, improving number of branches was also beneficial for 21¢.

higher yield. Chen Y. and Wojciechowski A. 2000 Obtained interspecificrityb
Seed yield per plant is an important target for oilseed pro- of B. napus andB. oleracea var. italica by embryo and ovulén

duction. In this experiment, the linear regression of seed Vitro culture.J. Huazhong Agric. Univ. 19, 274-278.

yield per plant and other agronomic traits was analysed. ﬁhoo T. M. and Reinbergs E. 1982a Estimation of the number of

enes in doubled haploid population of barléyofdeum vul-
was observed that three characters (number of pods per plantgare)_ Can. J. Genet. Cﬁd_ 22 3p37_341. ol

number of seeds per plant and 1000-seed weight) had signifinoo T. M. and Reinbergs E. 1982b Analyses of skewness ard kur
cant éfects on seed yield per plant. Similar results could also tosis for detecting gene interaction in a doubled haplGitp
be obtained by analysing partial correlation of all agrofmom _ <Ci- 22, 231-235.

traits. Therefore, number of pods per plant, number of seeff& H- H-, Zhou W. J. and Hagberg P. 2003 High frequency spon-
taneous production of doubled haploid plants from microspo

per pod and 1000-seed weight should be given more attentiong tre inBrassica rapa ssp.chinensis. Euphytica 134, 239—245.

as the main targets of selection during early breeding procgy H. H., Hagberg P. and Zhou W. J. 2004 Cold pretreatment en-
dure. Similar results have been reported by other rese@rche hances microspore embryogenesis in oilseed rBpes§ca na-
(Li etal. 2001). pusL.). Plant Growth Regul. 42, 137-143.

In the present experiment, the seed samples from eald@n J. Q. and Liu H. L. 1993 Principal component analysis fairm

dt . id al inolat .Iagronomic and quality characters of hybrids in rapes&eds{
Cross were used (0 measure erucic acid, giucosinolate, ol sicanapusL.). J. Huazhong Agric. Univ. 12, 427-432.

and protein contents. It was observed that glucosinolate coyeath D. W. and Earle E. D. 1996 Resynthesis of rapeséredgca
tent of three k plants was higher than that of the respec- napusL.): A comparison of sexual versus somatic hybridization.
tive maternal parent. This is probably due to the fact that Plant Breed. 115 395-401. _
the maternal plants have high glucosinolate content and gi¢Purdan P. S., Earle E. D. and Mutschler M. A. 1989 Synthesis

. . o . of male sterile, triazine-resistaBtassica napus by somatic hy-
cosinolate has high heritability value of 0.405. Additibpa bridization between cytoplasmic male sterBe oleracea and

glucosinate content may also bffezted by theB. oleracea atrazine-resistanB. campestris. Theor. Appl. Genet. 78, 445—
cv. Jingfeng-1 used as the paternal plants. This experiment45s.

50 Journal of Genetics,Vol. 85, No. 1, April 2006



Genetic analyses of synthetic oilseed Brassica traits

Leonardo V. and Becker H. C. 1998 Analysis of total glucokiteo Xu L. Y., Yang J. X. and Xuan P. 1995 A study on distant hybrdiz

content and individual glucosinolate Brassica spp. by near in- tion betweerBrassica napus andRaphanus sativus var. ol eifera.
frared reflectance spectroscopyant Breed. 117, 97—-102. J. Southwest Agric. Univ. 17, 102-106.

Leul M. and Zhou W. J. 1998 Alleviation of waterlogging dareag Yu F. Q., Jin M. G., Xiao C. S. and Wang L. 1998 Genetic analy-
in winter rape by uniconazole applicationffécts on morpholog- ses of several quantitative traits of doubled haploid pafarh in
ical characteristics, hormones and photosynthésed Crops Brassica napusL. Sci. Agric. Sn. 31, 44-48.
Res. 59, 121-127. Zhang G. Q., Zhou W. J., Yao X. L. and Zhang Z. J. 2001 Studies

Leul M. and Zhou W. J. 1999 Alleviation of waterlogging dareag on distant hybridization iBrassica plants.J. Shanxi Agric. Sci.
winter rape by uniconazole applicationffécts on enzyme activ- 29 25-30.
ity, lipid peroxidation and membrane integrity.Plant Growth  zhang G. Q., Tang G. X. and Zhou W. J. 2003a A preliminary study
~Regul. 18, 9-14. _ _ on the interspecific hybridization d&8. campestris and B. oler-
Li A. M., Zhang Y. T. and Hui F. H. 2001 Analysis of the charac- 5ceq through ovary cultureSci. Agric. Sin. 36, 1409-1413.
ters of hybrid rapeseed combination and major breedingsgdal Zhang G. Q., Zhou W. J., Gu H. H., Song W. J. and Momoh E. J.

~Anhui Agric. Sci. 29, 308-310. _ _J. 2003b Plant regeneration from the hybridizatiorBodissica
Liu H. L. 1984 Genetics and breeding of oilseed rape. Shanghai  juncea andB. napusthrough embryo culturel. Agron. Crop Sci.
Science and Technology Press, Shanghai. 189, 347-350.

McNaughten I. M. 1963 The scope and problems involved in synyang . Q., Tang G. X., Song W. J. and Zhou W. J. 2004 Resynthe-
thesizing new amphidiploid and autotetraploid fodder Sices sizing Brassica napus from interspecific hybridization between
in the group of8. napusL., B. campestris L. andB. oleracea L. Brassica rapa andB. oleracea through ovary cultureEuphytica
Scott. Plant Breed. Sation Rec. 48—68. 140, 181-187.

Momgh E. IJt Song W. J., I# H tz anld Zhdou W. J. .2004 See? yieI%hang N. Y. and Xue Q. Z. 1997 Genetic analysis of some quantit
and quality responses of winter oilseed rapeagsica napus) to tive traits with doubled haploid population in ric®ryza sativa
plant density and nitrogen fertilizatiomdian J. Agric. Sci. 74, L.). Acta Agron. Sin. 23, 123-126

420-424. ! :
. Zhou W. J. 2001 Oilseed rape. @rop production (ed. G. P. Zhang
Momoh E. J. J. and Zhou W. J. 2001 Growth and yield responsés and W. J. Zhou), pp. 153-178. Zhejiang University Press,

to plant density and stage of transplanting in winter oilsegpe Hangzhou.

(Brassica napusL.). J. Agron. Crop Sci. 186, 253—-259. . .
Momoh E. J. J., Zhou W. J. and Kristiansson B. 2002 Variation iZhou Wt J., Zhao D. S.lapd Lin ﬁ Q” 1.9?.HEthS of ;/valterlqgglng
the development of secondary dormancy in oilseed rape geno-°" Nitrogen accumulation and alleviation of waterloggiragnd
types under conditions of stresseed Res. 42, 446-455 age by application of nitrogen fertilizer and mixtalol inrntér
Nishi S. 1980 Diferentiation of Brassica crops in Asia and the rape @rassica napusL.). J. Plant Growth Regul. 16, 47._53'
breeding of hakuran’, a newly synthesized leafy vegetalsle 2hou W.J., Hagberg P. and Tang G. X. 2002a Increasing embryog
nesis and doublingfciency by immediate colchicine treatment

Brassica crops and wild allies—biology and breeding (ed. S. ; . . ’ ; .
Tsunoda, K. Hinata and C. Gomez-Campo), pp. 133—150. Japang;'sgllated microspores in spririyassica napus. Euphytica 128,

Scientific Societies Press, Tokyo.
Quazi M. H. 1988 Interspecific hybrids betweBrassica napusL. ~ Zhou W. J., Tang G. X. and Hagberg P. 2002flidient produc-

and B. oleracea L. developed by embryo cultur@heor. Appl. tion of doubled haploid plants by immediate colchicine tmaant

Genet. 75, 309-318. of isolated microspores in wint@rassica napus. Plant Growth
SPSS 199%PSS for Wndows, version 10.0. SPSS Inc., Chicago,  Regul. 37, 185-192.

USA. Zhou W. J., Zhang G. Q., Tuvesson S., Dayteg C. and Gertsson B.

Tang G. X., ZhouW. J., LiH. Z., Mao B. Z., He Z. H. and Yoneyama 2006 Genetic survey of Chinese and Swedish oilseed Brps-(
K. 2003 Medium, explant and genotype factors influencingsho  sica napus L.) by simple sequence repeats (SSRagnet. Re-
regeneration in oilseeBrassica spp.J. Agron. Crop Sci. 189, sour. Crop Evol., 53, 443-447.
351-358. Zhu J. 1992 Mixed model approaches for estimating genetie va
Wu J. G., Shi C. H. and Fan L. J. 2002 Calibration optimizafan ances and covariancel Biomath. 7, 1-11.
analyzing erucic acid and glucosinolate content of rapksge Zhu J. and Weir B. S. 1994 Analysis of cytoplasmic and materna
near infrared reflectance spectroscapyChina Cereal Oil As- effects. I. A genetic model for diploid plant seeds and animals.
soc. 17, 59-62. Theor. Appl. Genet. 89, 153-159.

Received 28 June 2005

Journal of Genetics,Vol. 85, No. 1, April 2006 51



