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Abstract
Four traits, plant seed yield, 1000-seed weight, protein and oil content of seed, were investigated in hybrids produced by 9
yellow-seeded lines × 10 black-seeded lines and their parents in rapeseed (Brassica napus L.). The relations between the genetic
distances of SSR, AFLP and SRAP molecular makers from parents, the hybrid’s maker-type value which was estimated using two
parents’ maker effect values and the hybrid performances in 4 traits were analyzed and the mathematic models for prediction of
hybrid performance by parent maker effect value were set up by means of stepwise regression analysis. Total 910 polymorphic
loci were obtained from parents by use of 283 SSR, 64 AFLP and 81 SRAP pairs of primers respectively and these polymorphic
loci were used to calculate general genetic distance (GGD) of molecular maker in parent. The results of cluster analysis by GGDs
were almost consistent with trait performances in parents. 81 and 178 loci linkaged to the 4 traits were screened from 910 loci
based on two-group method and three-group method respectively; some loci had only additive or dominant effect, while others
had both of them. In each trait, dominant loci were more than additive loci, indicating that dominant effect was more important in
hybrid heterosis. The correlations of quadratic polynomial between GGDs in parents and trait performances in hybrid were
slightly stronger than those of line and exponent in the 4 traits, but none of them reached significant level (P > 0.05). Most of
special genetic distances (SGDs) computed with the loci screened by two-group method and by three-group method had
significant (P < 0.05) or high significant (P < 0.01) correlations with hybrid performances, however both of correlation coefficients
and determination coefficients were small. The maker-type values of hybrid showed significantly positive correlations to hybrid
performance with correlation coefficients from 0.5473 to 0.6433 in 4 traits. The correlation coefficients between marker effect
value of parent and average performance of all hybrids concerning this parent varied from 0.7686 to 0.9249 in 4 traits, reaching
high significant level (P < 0.01). The prediction models for hybrid performance of plant seed yield and 1000-seed weight had no
practicability because of low precision and low stability. Those of protein and oil content had some values in practice.
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Introduction
Molecular marker techniques, such as RFLP, RAPD, SSR and AFLP etc, had widely been used to analyze the genetic
diversity and its relationship to heterosis of hybrids in rice (Zhang et al., 1995, 1996; Xiao et al., 1996; Zhang et al., 1999,
2001), maize (Melchinger et al., 1990; Stuber et al., 1992; Boppenmaier et al., 1993; Wang et al., 2001; Fei and Gao, 2002),
wheat (Liu et al., 1999), cotton (Wu et al., 2002) and soybean (Cerna et al., 1997). The researches of relationship between
genetic distance of molecular marker and trait performance and heterosis of hybrid in rapeseed (Brassica napus L.) were lag in
comparison with in rice and maize. Only Diers et al. (1996), Riaz et al. (2001), Hu et al. (2003) and Shen et al. (2002, 2004)
had some reports. The objective of present study was to analyze the relationship between genetic distance of molecular maker
in parent and the trait performance of hybrid using SSR, AFLP and SRAP markers and to establish the prediction model of
hybrid performance.

Materials and methods
Plant materials and Field trial: 9 yellow-seeded lines of rapeseed (Brassica napus L.) as female parents were crossed
with 10 black-seeded lines as male parents according to NC II mating design. 90 hybrids and 19 parent lines were planted at
experimental field of Southwest University farm in the year 2004/2005 using randomized complete block design with two
repetitions. The plot was 2.33m × 2.00m and planted 5 rows with 10 plants each row. When seed was fully maturity, 10 plants
were selected randomly from 3 rows at middle of each plot to investigate seed yield per plant and all the seeds of 10 plants
were mixed to test 1000-seed weight, protein content and oil content of seed. The contents of protein and oil in seed were
determined by using Soxhlet extraction method and Kjeldahl method respectively.
Molecular marker analysis: Tender leaves of 10 plants of each parent were mixed to extract total DNA using modified
CTAB method. Primer sequences of SSR were searched from the Brassica database on http://ukcrop.net and amplification
system was employed from Saal et al. (2001). Adapter and primer of AFLP were designed by referring to Vos et al. (1995) and
amplification system and procedure were referred to Zhao and Meng (2003). Primer sequences, amplification system and
procedure of SRAP were designed according to Li and Quiros (2001) and 3′end of primer contained three different selective
nucleotides.
Marker screening and genetic distance calculation: Marker of every parent at each marker locus was recorded as 1 or 0
according to the polymorphic band existed or not. Screening of the marker loci related to trait was performed by analysis of
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variance using two-group method and three-group method. In the two-group method, all the hybrids were classified into
homogeneity group and heterogeneity group, the markers of two parents were 0 or 1 in the former and the marker of one
parent was 1 and the other was 0 in the latter (He et al., 2002). In the three-group method, the hybrids of the homogeneity
group were again divided into homogeneity group 0 and homogeneity group 1 according to the markers of two parents were 1
or 0. The method of Nei and Li (1979) was used to calculate general genetic distance (GGD) of molecular maker using all the
polymorphic loci obtained in parents and special genetic distance (SGD) using the polymorphic loci screened trait-related.
Cluster analysis of parents was carried out using UPGMA method.
Estimating of marker effect value of parent and marker-type value of hybrid: The additive effect (a) and dominant effect
(d) of marker locus were computed using following formula:
1
1
a = ( x11 − x00 ) / se
d = ( x10 − ( x11 + x00 )) / se
2
2
where x11 , x00 and x10 are the trait averages of hybrids in homogeneity group 1, homogeneity group 0 and
heterogeneity group respectively. se is the standard error of the trait. At the marker locus k, the marker-type of hybrid was
composed of the markers of two parents of this hybrid, the marker effect value of parent i ( pik ) and marker-type value of
hybrid crossed with parent i and parent j ( Fijk ) could be calculated using
Fijk = ak ( M ik + M jk − 1) + d k M ik − M jk

pik = ak (2M ik − 1)

where M ik and M jk are the markers of parent i and parent j at marker locus k respectively, with value 1 or 0. When the
interactions of different marker locus were be ignored, the total of marker effect value of parent i ( pi ) and the total of
marker-type value of hybrid crossed with parent i and parent j ( Fij ) could be pi = ∑ k pik and Fij = ∑ k Fijk .

Establishing of prediction model of hybrid performance: Prediction model of hybrid performance were established using
stepwise regression analysis approach. The trait performance of hybrid was treated as an independent variable and the
marker-type values of hybrid at different marker locus as dependent variables. The precision and stability of model was
evaluated by sum of square of model residua and Jackknife sample technique.

Results
Genetic relationships of parents: 260, 447 and 203 polymorphic loci were detected through the amplification of genomic
DNA templates of 19 parents using 283 pairs of SSR primers, 64 pairs of AFLP primers and 81 pairs of primers respectively. It
is obvious that AFLP has the largest capacity to detect the polymorphic loci; SRAP takes second place and then is SSR. The
result of cluster analysis by GGDs of all the 910 polymorphic loci was almost consistent with trait performances in parents. At
the level of coefficient of similarity 0.43, all the yellow-seeded lines except m113 were gathered together and all the
black-seeded lines except m105 divided into 2 groups. In general, genetic differences between yellow-seeded lines and
black-seeded lines were greater than those within each type. Dendrograms of cluster analysis based alone on SSR, AFLP and
SRAP were similar to that based on them together.
Screening of trait-related loci and effect estimation: 81 loci related to the 4 traits were found at the significant level 0.01
based on the two-group method. 7, 12, 31 and 31 loci were associated with seed yield per plant, 1000-seed weight, protein
content and oil content of seed respectively. Except protein content of seed, the effect-increasing loci of the other 3 traits were
more than the effect-decreasing loci. Based on the three-group method, 178 loci related to the 4 traits were screened from 910
loci at the significant level 0.01. For each trait, the number of loci screened by two-group method was more than that by
three-group method. Some loci had only additive or dominant effect, while others had both of them. These marker loci had
different effects on size and direction to trait. In each trait, dominant loci were more than additive loci, indicating that dominant
effect was more important than additive effect in hybrid heterosis.
Relationships between genetic distances and hybrid performance: All the linear correlation coefficients between parents
GGDs and hybrids performances of the 4 traits using one of SSR, AFLP and SRAP markers were too small to up to the
significant level, with no obvious differences comparing to those using all of SSR, AFLP and SRAP markers (Table 1). The
correlations of quadratic polynomial between GGDs of parents and trait performance of hybrids were slightly stronger than
those of line and exponent in the 4 traits using all 910 marker loci, but none of them reached significant level 0.05.
Table 1. Correlation coefficients between GGD of parent and performance of hybrid
Marker
SSR
AFLP
SRAP
All marker

Line
Line
Line
Line
Exponent

Seed yield
-0.1387
0.0170
-0.0241
-0.1153
-0.1082

1000-seed weight
-0.0577
0.1333
0.0936
0.0624
0.0686

Protein content
0.0034
-0.0282
-0.1231
-0.0374
-0.0458

Oil content
0.0706
0.0603
0.1404
0.0837
0.0735

Quadratic polynomial

-0.1323

0.2152*

-0.1432

0.1109

Note: ** r0.01 = 0.267, * r0.05 = 0.205
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The linear correlation coefficients between the parents SGDs calculated with the loci screened by two-group method and
the hybrids performances were greater than those between GGDs and the hybrids performances, all of them reached
significant level 0.05 or 0.01 for the 4 traits (Table 2), which indicated that linear correlation coefficients could be efficiently
increased by screening positive marker loci. The effect-increasing loci and the effect-decreasing loci had more close linear
correlation with the hybrids performances than positive loci for all traits except protein content of seed. The linear correlations
between the parents SGDs calculated with the loci screened by three-group method and the hybrids performances were similar
to those by two-group method, but only one of them was significant. However, both of correlation coefficients and
determination coefficients were small.
Table 2. Correlation coefficients between SGD of parent and performance of hybrid
Method
Two-group

Locus
Positive
Effect-increasing
Effect-decreasing

Three-group
Note: ** r0.01 = 0.267, * r0.05 = 0.205

Seed yield
0.3599**
0.5095**
-0.4215**
-0.2143*

1000-seed weight
0.3206**
0.4372**
-0.3351**
0.1963

Protein content
-0.5474**
0.3643**
-0.6217**
-0.1033

Oil content
0.2466*
0.5291**
-0.5490**
-0.0017

Relationships between marker values and hybrid performance: The marker-type values of hybrid had significantly
positive correlations to hybrid performance, with correlation coefficient were 0.5473, 0.6295, 0.6433 and 0.6332 for seed yield
per plant, 1000-seed weight, seed protein content and seed oil content respectively. No significant difference was detected
between the correlation coefficients estimated by using only effects of dominant loci and by the combination of both effects of
dominant and additive loci. The correlation coefficients between marker effect value of parent and average performance of all
hybrids concerning this parent reached significant level 0.01 and varied from 0.7686 to 0.9249 in 4 traits.
Prediction model of hybrid performance: The mathematic models of 4 traits for prediction of hybrid performance by
parent maker effect value were established by means of stepwise regression analysis. There were 9, 9, 17 and 13 marker loci
including in the prediction model of seed yield per plant, 1000-seed weight, protein content and oil content of seed respectively.
The multiple correlation coefficients of the 4 prediction models were up to 0.647, 0.700, 0.803 and 0.811. The prediction
models of seed yield per plant and 1000-seed weight had no practicability because of low precision and low stability. Those of
protein content and oil content of seed had both high precision and stability and so they had reliable prediction result.

Discussion
In present study, 81 positive loci screened by two-group method was only a small part of 910 marker loci. The correlation
coefficients between SGDs based on these positive loci and the trait performance were much higher than those based on all
loci, which accorded with Bernardo (1992). When positive loci were distinguished as effect-increasing loci and
effect-decreasing loci, the correlations could be improved; all the correlation coefficients of effect-increasing loci were positive
and all the correlation coefficients of effect-decreasing loci were negative (see Table 2), which indicated that this
distinguishing of positive loci was effective in estimating the correlation between SGD of parent and trait performance of
hybrid.
The results of studies on the correlation between genetic distance of molecular marker and hybrid performance and/or
heterosis were different with different researchers. Melchinger et al. (1990) and Stuber et al. (1992) reported there were
strongly correlations between hybrid performance and genetic distance of parents. On the contrary, Godshalk et al. (1990) and
Dudley et al. (1991) deemed a little correlation existed between hybrid yield and genetic distance based on RFLP. Melchinger
et al. (1990) and Boppenmaier et al. (1993) pointed out that this correlation depended on experimental material.
The method of estimating marker effect value of parent and marker-type value of hybrid was a newly try. The prediction
model of trait performance of hybrid, established using marker-type values of hybrid that was calculated by marker effect
value of parent, awaited more proof in breeding practice.

References
Bernardo R. (1992). Relationship between single-cross performance and molecular marker heterozygosity. Theoretical and Applied Genetics 83(5), 628–634.
Boppenmaier J., Melchinger A.E., Seiltz G., Geiger H.H., Herrmann R.G. (1993). Genetic diversity for RFLPs in European maize inbreds. III. Performance of
crosses within versus between heterotic groups for grain traits. Plant Breeding 111(3), 217–226.
Cerna F.J., Cianzio S.R., Rafalski A., Tingey S., Dyer D. (1997). Relationship between seed yield heterosis and molecular marker heterozygosity in soybean.
Theoretical and Applied Genetics 95(3), 460–467.
Diers B.W., McVetty P.B.E., Osborn T.C. (1996). Relationship between heterosis and genetic distance based on restriction fragment length polymorphism
markers in oilseed rape (Brassica napus L.). Crop Science 36(1), 79–83.
Dudley J.W., Saghai Maroof M.A., Rufener G.K. (1991). Molecular markers and grouping of parents in maize breeding programs. Crop science 31(3), 718–723.
Fei Z., Gao Y. (2002). Application of molecular marker technique in dividing of heterotic group and prediction of heterosis. Liaoning Agricultural Sciences (4),
36–37.
Godshalk E.B., Lee M., Lamkey K.R. (1990). Relationship of restriction fragment length polymorphisms to single-cross hybrid performance of maize.
Theoretical and Applied Genetics 80(2), 273–280.
He G., Hou L., Li D., Luo X., Niu G., Tang M., Pei Y. (2002). Prediction of yield and yield components in hybrid rice by using molecular markers. Acta
Genetica Sinica 29(5), 438–444.
Hu S., Yu C., Zhao H., Zhang C., Lu M. (2003). Studies on relations of RAPD markers and heterosis in Brassica napus L.. Journal of Northwest Sci-Tech
University of Agriculture and Forestry (Natural Science) 31(6), 66–70.
Li G., Quiros C.F. (2001). Sequence-related amplified polymorphism (SRAP), a new marker system based on a simple PCR reaction: its application to mapping

BIOTECHNOLOGY: Tissue Culture and Molecular Breeding

339

and gene tagging in Brassica. Theoretical and Applied Genetics 103(2-3), 455–461.
Liu Z.Q., Pei Y., Pu Z.J. (1999). Relationship between hybrid performance and genetic diversity based on RAPD markers in wheat, Triticum aestivum L.. Plant
Breeding 118(2), 119–123.
Melchinger A.E., Lee M., Lamkey K.R., Woodman W.L. (1990). Genetic diversity for restriction fragment length polymorphisms: relation to estimated genetic
effects in maize inbreds. Crop Science 30(5), 1033–1040.
Nei M., Li W.H. (1979). Mathematical model for studying genetic variation in terms of restriction endonucleases. Proceedings of the National Academy of
Sciences of the United States of America 76(10), 5269–5273.
Riaz A., Li G., Quresh Z., Swati M.S., Quiros C.F. (2001). Genetic diversity of oilseed Brassica napus inbred lines based on sequence-related amplified
polymorphism and its relation to hybrid performance. Plant Breeding 120(5), 411–415.
Saal B., Plieske J., Hu J., Quiros C.F., Struss D. (2001). Microsatellite markers for genome analysis in Brassica. II. Assignment of rapeseed microsatellite to the
A and C genomes and genetic mapping in Brassica oleracea L.. Theoretical and Applied Genetics 102(5), 695–699.
Shen J., Fu T., Yang G. (2004). Relationship between hybrid performance and genetic diversity based on SSR and ISSR in Brassica napus L.. Scientia
Agricultura Sinica 37(4), 477–483.
Shen J., Lu G., Fu T., Yang G. (2002). Relationships between genetic diversity and hybrid performance in oilseed rape (Brassica napus). Acta Agronomica
Sinica 28(5), 622–627.
Stuber C.W., Lincoln S.E., Wolff D.W., Helentjaris T., Lander E.S. (1992). Identification of genetic factors contributing to heterosis in a hybrid from two elite
maize inbred lines using molecular markers. Genetics 132(3), 823–829.
Vos P., Hogers R., Bleeker M., Reijans M., van de Lee T., Hornes M., Frijters A., Pot J., Peleman J., Kuiper M., Zabeau M. (1995). AFLP: a new technique for
DNA fingerprinting. Nucleic Acids Research 23(21), 4407–4414.
Wang C., Xu R., Wang J., Chen C. (2001). Application of molecular marker in maize genetics and breeding. Journals of Maize Sciences 9(3), 18–20,25.
Wu Y., Zhang T., Zhu X., Wang G. (2002). Relationship between F1, F2 yield, heterosis and genetic distance measured by molecular markers and parent
performance in cotton. Scientia Agricultura Sinica 35(1), 22–28.
Xiao J., Li J., Yuan L., McCouch S.R., Tanksley S.D. (1996). Genetic diversity and its relationship to hybrid performance and heterosis in rice as revealed by
PCR-based markers. Theoretical and Applied Genetics 92(6), 637–643.
Zhang P., Cai H., Yuan P., Yang L., Bai Y., Hu X., Xu C., Sun M. (1999). Genetic diversity detected with RAPD markers among rice cultivars (Oryza sativa L.)
and its utilization in hybrid rice breeding. Journal of Anhui Agricultural Sciences 27(5), 421–424,428.
Zhang P., Cai H., Yuan P., Zhan X., Ruan X., Sun C., He L., Sun M. (2001). Genetic distance detected with RFLP markers among rice cultivars (Oryza sativa L.)
and its relation to heterosis. Hybrid Rice 16(5), 50–54.
Zhang Q., Gao Y.J., Saghai Maroof M.A., Yang S.H., Li J.X. (1995). Molecular divergence and hybrid performance in rice. Molecular Breeding 1(2), 133–142.
Zhang Q., Zhou Z.Q., Yang G.P., Xu C.G., Liu K.D., Saghai Maroof M.A. (1996). Molecular marker heterozygosity and hybrid performance in indica and
japonica rice. Theoretical and Applied Genetics 93(8), 1218–1224.
Zhao J., Meng J. (2003). Genetic analysis of loci associated with partial resistance to sclerotinia sclerotiorum in rapeseed (Brassica napus L.). Theoretical and
Applied Genetics 106(4), 759–764.

