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Abstract In this research, we employed Ning R7, an elite restorer for MI CMS, as the restorer gene donor to develop restorer gene 
candidate near-isogenic lines (NILs) by using three elite germplasms, T78, T84 and ZS9, as recurrent parents based on the advanced 
backcross approach. The characteristics of agronomic traits were phenotyped at the maturity stage and genetic similarity was 
calculated based on the SSR data. The results showed most agronomic traits of the candidates had quite similar with that of recurrent 
parents besides the trait of plant height and the height of the initiate branch based on t-test. Further, in order to figure out the 
similarity of the genetic background, we used 75 SSR markers to generate total 157 SSR loci in the 21 candidate NILs. The average 
genetic similarity coefficient of the candidate NIL background reached 0.86, 0.92 and 0.98 corresponding to their own recurrent 
parent, respectively. With the comprehensive assessment, three candidate NILs, wh13、wh59 and wh118, were chosen as potential 
restorer NILs, which might be used in our future breeding program. 
Keywords Rapeseed (Brassica napus L.); CMS; Restorer gene; Near-Isogenic Lines (NIL); Allelic analysis 

Background 
Cytoplasmic male sterility system (CMS) would be 
the most important way for heterosis utilization at the 
present in China. MI CMS system of Brassica napus 
type is a kind of three line breeding system developed 
by Mr. Shou-Zhong Fu of Jiangsu Academy of 
Agricultural Sciences with independent intellectual 
property rights (Fu et al., 1989). Series of new varieties 
of hybrid rapeseed, such as Ningza No1, Ningza No3 
Suyou No5, Ningza No 15, Ningza No19 and Ningza 
No21 were developed and released by using this 
breeding system. The utilization of hybrid rapeseed in 
China has been placed on the front ranks in the world 
(Fu, 1999), but the genetic mechanism was just 
beginning. This system of MI CMS, the restoration of 
fertility was controlled by the single dominant gene 
(Zhang et al., 2000), thus restoring gene should be one 
of the most worthy to study in genetics. Scholars from 
countries were very keen on studying restoring genes 
of various Brassica napus type hybrid system by using 
BC1 and or F2 populations and DNA Bulk approach to 

obtain molecular markers linked to restoring genes of 
Pol CMS, Shaan 2A CMS and MI CMS systems (Jean 
et al., 1997, 1998; Zeng et al., 2009; Liu et al., 2007; 
Zhang et al., 2004; Zhang, 2005). It was obvious that 
the researchers focused on using early separating 
generations (such as BC1, F2) to map and clone the 
genes, however, there was very little using near-isogenic 
lines of the restoring gene to study the genes. Actually, 
the near-isogenic lines were less utilized in the research 
due to time consuming and low efficiency to building 
near-isogenic lines. However, it became an unique tool 
for studying the dominant genes of important traits in 
crops because of near-isogenic lines with a single 
genetic background, which might have more effective 
to analyze genetic effects, gene fine mapping and cloning, 
etc. Definitely, near-isogenic line would be the valuable 
materials in the fields of molecular biology and 
genetics, which were widely used in rice, corn and 
other crops to have obtained the molecular markers 
close linked to the target traits as well as to have 
cloned the target genes (Toshiyuki et al., 2003; Zhang 
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et al., 2006). 

In the building process of near-isogenic lines, generally, 
each generation used to be done by phenotypic 
selection. After multi-generation crossing, there is 
little interaction between traits and environments, 
some negative factors such as the linkages of the 
donor gene fragments with target genes can make the 
bias to select the offspring lines, which will affect the 
quality of building the near-isogenic lines. Thus, after 
the near-isogenic lines built, it is very necessary to 
assess the allelism of the candidates of near-isogenic 
lines. In the early, traditional methods commonly 
phenotypic trait or traits related to the studied objects 
were used to evaluate the near-isogenic lines, whereas 
the molecular markers rapidly developed in recent 
years have been used for detecting the allelism (Shen, 
2004; Ma, et al., 2007; Liu, 2006; Liu, et al., 2008; Xu, 
et al., 2008). 

The near-isogenic lines of the restore genes in MI 
CMS rapeseed hybrid system is a powerful tool for 
tagging and cloning the restore genes. Since 2002 the 
authors had started to build the near-isogenic lines of 
restore genes of MI CMS system, we obtained the 
near-isogenic lines with three different genetic 
backgrounds through crossing with three genetic 
background elite germplasms and selecting in the 
multi-generation backcross. Although there are lots of 
approaches for the near-isogenic lines, it is almost 
blank using multiple methods to simultaneously detect 
the allelism. In this study we carried out the genetic 
similarity of some candidates of near-isogenic lines of 
restore genes derived from three different genetic 
backgrounds by using rapeseed (AACC) SSR, and 
assessed the allelism of candidates to their donor’s 
background by combining agronomic trait analysis of 
candidate lines. We attempted to obtain the best 
near-isogenic lines of restore genes to lay a solid 
foundation for tagging and cloning the restore genes 
in MI CMS system. 

1 Results and Analysis 
1.1 Building the near-isogenic lines of the fertile 
restoring genes in MI CMS  
In this research we employed Ning R7 as the source of 
restoring gene, T78, T84 and ZS9 as the donors of 
genetic backgrounds. Since 2002, we adopted the 

continuous backcrossing procedures method to 
substitute the genetic background to select far more 
similar individuals with donor’s phenotypes for further 
backcross. Up to 2008, we reached BC5F1 generation 
with three different genetic backgrounds. In the 
beginning of the BC5F1 generation, we adopted the 
strategy by combining the backcrossing and selfing to 
continually increase the substitution rate of the genetic 
background. In the generations of BC6F1 and BC5F2 
generations, fertility segregation was investigated in 
the flowering stage to eliminate the lines that had 
fertility segregating. In BC5F3 generations, lines with 
full fertile individuals were selected to be as tentative 
candidates of near-isogenic lines with homozygous 
restore genes. In 2010, seven, six and eight candidate 
NILs related to three genetic backgrounds respectively 
were come out (Table 1). The detailed building 
procedures were shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 The building route of the NILs for restorer genes  
Note: ZZ stands for three genetic background donor germplasms 

1.2 Phenotyping agronomic traits of NIL candidates 
The variance analysis of agronomic traits among the 
NIL candidates and three genetic background donors 
was carried out by using t-test (Table 1). The results 
showed that the lines being differences in agronomic 
traits but having a higher genetic similarity with the 
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donor happened in three genetic backgrounds. In the 
context of T78, the traits with the most significant 
differences were plant height and a number of the 
primary (first) branches, there were four lines with 
significant or very significant differences, whereas the 
traits of the lines with little difference were the 
thickness of stem and a number of silique of primary 
branches, which were no significant differences with 
the donor’s background of T78. The candidate lines 
with high genetic similarity with the donor of T78 
were the lines of wh15, wh14 and wh13, comparing to 
the donor of T78, the line of wh15 only had significantly 
difference in the trait of branching point height, the 
wh13 in the traits of plant height and branching point 
height as well as the wh14 in the traits of the branching 
point height and the length principal inflorescence. In 
the context of T84, the traits with the most significant 
differences were plant height and branching point 
height, there were six lines with significant differences 
comparing to the parents, while there was no significant 
difference in the traits except the number of the 
second branch and the length of silique. The candidate 
lines with high genetic similarity with the donor of 
T84 were the lines of wh59 and wh78, which had 
significant difference in the trait of plant height and 
the branching point height comparing to the donor of 
T84. In the context of ZS9, the traits with the most 
significant differences were plant height and the 
branching point height, there were six and seven lines 
with significant differences, respectively, whereas the 
traits of the lines with little difference were the number 
of primary branch, the number of silique in principal 
inflorescence, the number of silique in primary branch, 
the length of silique, the number of seed per silique 
and 1000-seed weight. The candidate lines with high 
genetic similarity with the donor of ZS9 were the lines 
of wh118 and wh127 sequentially, which had significant 
difference in the trait of plant height and the branching 
point height comparing to the donor of ZS9. In terms 
of the comparison among three genetic background 
germplasms and their derived lines, there were eight 
traits with no significant differences in the candidates 
with T84 background, only two traits with no significant 
differences in the candidates with T78 background, 
while six traits with no significant differences in the 
candidates with ZS9 background. Therefore, the 

candidates of near-isogenic lines with T84 and ZS9 
background had overall higher allelism than that of 
the candidates with T78 background based on the 
genetic similarity of agronomic traits. 

1.3 Molecular identification of NIL candidates 
NIL candidates derived from three genetic background 
of MI CMS system restore gene were identified by 
using 75 of SSR primer pairs. The results showed that 
total of 157 target bands in size from 100 bp to 500 bp 
were amplified by using 75 pairs of primers, each pair 
of primers amplified an average of 2.3 bands. There 
were 11 pairs, 4 pairs and 2 pairs respectively to 
generate only one polymorphic band in their genetic 
backgrounds. Figure 1 showed the banding pattern 
amplified in the three genetic backgrounds by the 
primer of H33. The results further indicated: (1) the 
same primer might come out with different amplification 
results in the same genetic background. Primers H33 
generated clear 4 bands with different sizes in the T78 
background, while only 2 bands in the T84 background 
as well as only one similar size band in ZS9 background. 
(2) Generally, all lines derived from the same 
background go to the same as the amplified results of 
each line, but the difference might happen, while the 
difference used as criteria for measuring the allelism 
of NILs. In the T78 background, all lines were 
consistent with the amplification results by H33, 
whereas in the T84 background, all lines had the same 
result of the band in size of about 200 bp, but the 
difference of the band in size about 450 bp. The 
banding patterns were quite different between lines of 
9, 10, 15 and lines of 11, 12 and 13. In the ZS9 
background, the banding pattern with a continuous 
bands in size amplified, which were the same in the 
lines of 16, 18, 22 and 17 while different in the line of 
19, 20, 21, 23 and 24 (Figure 2). 
 
 
 
 
 
 

Figure 2 The banding pattern amplified by the primer H33 in 
24 lines of three genetic backgrounds 
Note: M: DL1000 marker; 1~24: The number of candidate NILs 
and three genetic background germplasms, as indicated in table 1 



 
Genomics and Applied Biology, 2011, Vol.2 No.6     
http://gab.sophiapublisher.com 

 
- 37 - 

 

1.4 Clustering analysis of the NILs derived from 
the three genetic backgrounds 
Based on the amplified results by molecular markers, 
the tree diagram was clustered by using cluster 
software (Figure 3). The results showed there were 
quite differences between the first and third genetic 
backgrounds. All lines with the same genetic background 
were grouped with the donor together. The correlation 
efficiency between the group T78 and ZS9 was 0.73, 
which indicated that two genetic backgrounds had 
high correlation. Both groups of T78 and ZS9 had 
0.54 correlation efficiency with T84 group which 
presented quite difference. Thus we obtained two NIL 
lines with different genetic backgrounds fpr restore 
gene of MI CMS system in this research. Each 
candidate NILs in different background had correlation 
with parents, and the difference between the lines and 
donor was amplified a little. Genetic similarity efficiency 
of candidate lines from T78 group ranged from 84.50 
to 91.47% with an average of 86.78%, the lines closest 
to T78 were wh3, wh13 and wh15. Candidate lines 
from T84 group had relatively high genetic similarity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Cluster diagram of 24 NILs of restore genes based on 
the data of molecular markers 

efficiency, ranged from 91.25 to 92.87% with an 
average of 92.38%, the lines closest to T84 were wh59, 
wh71 and wh77. Candidate lines from ZS9 group had 
the highest genetic similarity efficiency, ranged from 
95.66% to 98.78% with an average of 98.14%, the 
lines closest to ZS9 were wh118, wh123 and wh127. 

2 Discussions 
2.1 Analysis on effectiveness of backcross method 
to build the NILs of restorer gene rapeseed 
Continuous backcross method is a classic approach to 
build near-isogenic lines of a crop trait, but for different 
traits, the difficulty of building strategy would be 
different, the building effect would be also quite 
different. For plant height and leaf shape, etc. these 
traits are visible to be easily selected in the backcross 
progeny with the naked eye (Zeng et al., 2006; Pu, 
2001), so it is relatively easy to be built. Whereas for 
the traits of disease resistance and other traits that is 
invisible (Jin et al., 2007), the target traits are required 
to be examined in the backcross progeny before making 
a selection, and then advance the next backcross step, 
so it is more difficult to build NILs for such traits, 
which might take more time and be influenced by 
more factors. It might be more likely to choose the 
wrong target individual in the backcross resulting in 
failure building. 

In this study, based on the principle of " co-existence 
of the sterile genes outside nucleus of cell and restorer 
genes inside nucleus of cell can exhibit the fertility" 
(Fu, 2000), we used Ning R7 as the female parent and 
sterile gene outside nucleus of cell as internal marker 
to simply select fertile individual to be as plant for 
continuing backcross, so that the restore gene will be 
guaranteed without loss, thus the NILs for the restore 
gene will be effectively built. In this study, the 
detections of fertility separation conducted in BC5F2 
and BC6F1 generations have fully proved the existence 
of restorer genes. Overall, using this method to build 
NILs of restore gene has the following four advantages: 
(1) Significantly reducing the workload for detecting 
restorer gene in the offspring. Conventional approach 
need to conduct test cross for backcross progeny in 
order to prove the target line had the existence of 
restorer genes for advancing backcross, which is 
time-consuming and labor-intensive; (2) Completely 
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guaranteeing the existence of restorer genes only by 
using the naked eye to determine the fertile phenotype. 
It does not only smartly apply the theory of classic 
three-line hybrid system, but also does not affect the 
substitution of the nucleus background; (3) On the 
premise of guaranteeing the existence of restore gene, 
it has a larger choice to choose offspring plants that 
are consistent with other phenotypic characteristics 
and the genetic background of donor, which would be 
more effective to substitute the genetic background; (4) 
The method developed in this study might be a 
relatively unique method for restorer breeding in 
three-lines hybrid breeding of rapeseed, which should 
be not only to reduce the workload for breeding 
restorer lines, but the targeted candidate of restore 
lines can reach 100% of recovery rate. 

2.2 Comparison of detection methods for NIL’s 
allelism 
The near-isogenic lines obtained by using successive 
backcross method might be failure because in the 
course of backcrossing in different years individual 
plant selection was influenced by the size of offspring 
population, cultivating methods, trait properties and 
other factors. Therefore, the allelism of candidate 
must be assessed. Traditional detection methods for 
allelism are generally to comparative agronomic traits, 
which would be working well for these visible traits. 
With the development of molecular biology, molecular 
markers have been adopted by more and more 
growing scholars. In this study, besides the use of 
sterile cytoplasm to tag the existence of the restoration 
genes, detecting the genetic background by using 
molecular markers and combined with agronomic 
phenotyping can identify much more excellent NILs, 
that is the procedure for NIL’s background detection 
by using both phenotype and genotype. 

In this research we found that there is a certain 
difference in the lines selected by approach of 
phenotypic and genotypic selection. Phenotype is a 
kind of the external appearance of internal genotype of 
a line, which easily influenced by external environmental 
conditions during its growth and development. Whereas 
molecular detections mainly focus on identification of 
genetic alleles and loci, statistically speaking, which is 
a kind of sampling detection method that missing 

detection occurs. It is impossible to have all loci 
detected, so both of detection methods have some 
shortages. This study attempts to use two methods to 
evaluate the lines and mutually validate the data. 
Although the best targeted lines selected by two 
detection methods had some differences, the targeted 
lines were those lines identified by both approaches. 
Actually the results were similar. Finally, using two 
detection methods can validate the results from single 
detection to produce the better data. Definitely, 
selecting excellent Near-isogenic lines would be very 
important to fine mapping and gene cloning. 

SSR, also known as microsatellite markers, presents a 
kind of variability based on the length of repeat 
nucleotide in the different locations of the living 
genome (Von Diethard, 1989). Since the SSR came 
out, with its stable reproducible and clear banding etc., 
SSR would be the dominant marker to tag the crop 
traits in rice, cotton and other major crops (Zhang, 
2009; Wang, 2005). In recent years, there have been 
more distinctive types of molecular markers such as 
AFLP, SRAP and others (Vos et al., 1995; Li et al., 
2001), Both of AFLP and SRAP have a good fit to 
detect the differences between the parents, but detecting 
the allelism of the homozygous lines is not better than 
that of SSR. AFLP procedures are much more complex 
including enzyme digestion than the procedures of 
SSR. The authors also tried to use the SRAP to detect 
allelism, which usually results in affecting the validity 
of scoring the data because of its random primer 
matching sites, more PCR products or multi-sites, or 
differences in the amount of amplification or less 
stability. Therefore, using SSR to detect the NIL’s 
allelism would occupy some good advantages. 

2.3 Genetic similarity of restorer gene near-isogenic 
lines 
Rapeseed (Brassica napus), a typical cross-pollinated 
crops, is allotetraploid with high homology between 
sub-genomic A and C. So in the breeding practice, it is 
very common that the stable line with several 
generation bagged-selfing still possible separate the 
different line with different phenotype of the original 
inbred lines. According to backcross protocol, the 
classical the background substitution rate should be 
96.875% after five generations of backcrossing. In this 
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study, the seven near-isogenic lines of T78 genetic 
background had only 86.78% of average genetic 
similarity, it is obvious far behind the theoretical value, 
which would be possible that the T78 had being varied 
in the selfing process. It is from the side to explain 
that building near-isogenic lines would be difficulty. 
Whereas near-isogenic lines of genetic similarity 
coefficient in the T84 and ZS9 background were up to 
90% or more, especially the most successful to build 
near-isogenic lines of ZS9 background. In this study, 
using three different genetic background to simultaneous 
build NILs of restore gene can effectively avoid the 
individual selection error in the process of rapeseed 
background substitution, which might guarantee to 
obtain better near-isogenic lines, although the 
workload has increased much more, In addition, 
analysis of the genetic similarity coefficient showed 
that NILs from the background of T78 and ZS9 had 
high coefficient of genetic similarity, both of them 
had low genetic similarity coefficient with that of 
T84. Near-isogenic lines of restore gens built 
simultaneous in the large differences of genetic 
background become a good research resource for 
studying the functions of restore gene. 

2.4 The prospects on utilization of rapeseed NILs 
of restore gene 
The process for building NILs of restorer gene is 
relatively time-consuming and labor-intensive. Once 
the successful building of NILs is done, it has very 
important application values for studying restore gene 
and interactions between restore gene and sterile 
genes. First of all, NILs can be used to fine map the 
restore loci and clone the restore gene. Because of its 
almost the same genetic background, compared to 
other primary mapping populations such as F2 and 
BC1 etc., the mapping process may be relatively less 
of the interference. Secondly, using NILs of restorer 
gene can further crack the three-line hybrid system. 
All along, it is yet to be studied in-depth for influences 
of sterile gene of outside of cell nucleus on phenotypes 
of hybrids including yield traits, the restoring abilities 
to CMS restorers with different backgrounds, mechanism 
of influence of genes in outside cell nucleus (such as 
mitochondria genes, etc.) on the fertility of three-line 
hybrid system and so on. It would be very important 

meaning to these issues mentioned above to fully 
understand and apply the three-line hybrid system. 
The establishment of three NILs in this research will 
provide a good material supporting foundation for 
further studies of these issues mentioned above. Thirdly, 
the validation of restore gene functions. Restoring 
gene’s NILs are two kinds of the lines with or without 
restore gene in the same genetic backgrounds. It is the 
perfect material to validate the functions of restore 
gene by using the line without the restoring gene as 
targeted line being transferred the restore gene. 
Therefore, the restorer gene’s NILs should be the basis 
materials for studies, which has good prospects for 
future applications. 
3 Materials and Methods 
3.1 Rapeseed materials and SSR primers 
Ning R7, the restorer line of Rapeseed MI CMS 
hybrid Ningza No 3, which the cytoplasm is sterile 
cytoplasm, and nucleus has homozygous restoring 
gene, used as the source of restorer gene.  

T78, T84 and ZS9, used as genetic background donors, 
are Brassica napus germplasms with large differences 
from different genetic backgrounds and comprehensive 
excellent agronomic traits of Brassica, which could 
not restore the fertility of CMS by identification of 
restor-maitaining relationship. These materials mentioned 
above were provided by Research group of rapeseed 
at Institute of industrial crops of Jiangsu Academy of 
Agricultural Sciences. 

Total of 75 SSR primer pairs were chosen from these 
have the high polymorphism among Brassica napus 
varieties, parts of primers kindly provide by Research 
group of rapeseed of Huazhong Agricultural University, 
others were downloaded from the website of 
www.brassica.info. All of primers were synthesized 
by Shanghai Yinjun Biotechnology Company. 

3.2 Phenotyping and analysis of agronomic traits 
Ten individuals with similar plant type were chosen to 
measure the agronomic and economic characters prior 
to eliminate both ends of individual of the row before 
harvest at the stage of rapeseed maturity. Taking the 
average as measured values. Comparative analysis of 
the trait values between the genetic background and 
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the candidate lines were carried out by using t test, 
when the character value went to significant difference 
the corresponding t-values will be marked in the upper 
right corner. 

3.3 Extraction of genomic DNA of rapeseed 
We adopted the CTAB methods developed by Li et al 
(1994) with slightly modification to extract genomic 
DNA from rapeseed leaves. The bulk of leaves mixed 
from five similar plant type individuals of each line 
were ground. The concentration of dissolved DNA 
was examined by 1% agarose gel and adjusted the 
concentration of each line. 

3.4 Screening of SSR primers and amplification 
Using 75 pairs of SSR primers, genomic DNA of 
NILs of T78, T84 and ZS9 were amplified to screen 
the primer pairs with good polymorphism, appropriate 
band size and stable amplification. PCR procedure 
was performed following the reference of Long et 
al (2009). PCR products were separated by 8% 
polyacrylamide gel electrophoresis with 20 V/cm until 
the front of the Loading buffer migrated to the other 
edge, and then silver staining was carried out. 

3.5 Band scoring, statistics and cluster analysis 
Bands amplified by SSR markers with clear, sharp and 
heavy band were scored and calculated statistically. 
Band was assigned to be 1, and no band was assigned 
to be 0 based on the relevant position. Unclear band 
was assigned to be “-”. Dendrogram was drawn by 
cluster analysis using NTSYS software. 
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Table 1 The values of agronomic traits and t values of the candidate NILs with three genetic backgrounds (t0.05＝2.26, t0.01＝3.25, n=10) 

Code No. Var. PH(cm) ST(cm) BH(cm) NFB NSB LMI(cm) SMI SFB SSB SL(cm) SS SW(g) 

1 T78 131.80 1.28 38.40 9.60 4.00 48.40 60.40 260.20 30.60 5.87 14.32 2.86 

2 wh7 136.00 1.30 40.00 6.40 1.80 55.20 68.60 174.40 6.20 6.74 21.16 4.23 

 t -1.11 -0.14 -0.39 6.82** 2.06 -1.76 -1.19 3.66** 4.10** -3.89** -4.86** -4.86** 

3 wh12 144.20 1.32 54.40 7.80 1.00 45.80 56.80 196.40 8.00 6.23 16.24 3.25 

 t -3.42** -0.26 -4.29** 5.69** 3.16* 1.00 0.46 3.76** 3.89** -1.12 -1.18 -1.18 

4 wh13 157.40 1.70 46.80 8.80 4.20 49.40 50.80 265.60 47.60 5.95 15.04 3.01 

 t -7.02** -2.12 -3.27** 1.26 -0.15 -0.24 1.58 -0.14 -0.96 -0.21 -0.45 -0.45 

5 wh14 141.60 1.38 52.40 9.20 1.60 39.00 50.20 242.80 11.00 5.22 16.44 3.29 

 t -2.11 -0.69 -2.59* 0.45 1.53 2.76* 1.27 0.51 1.73 2.62* -1.19 -1.19 

6 wh15 147.80 1.26 42.00 8.40 4.20 47.20 46.20 215.40 19.00 6.00 17.36 3.47 

 t -4.55** 0.15 -0.96 2.12 -0.11 0.21 2.34 2.29 1.27 -0.29 -1.67 -1.67 

7 wh26 138.40 1.56 44.80 8.00 3.00 50.00 59.60 199.20 16.80 6.44 17.88 3.58 

 t -1.77 -1.74 -2.15 2.67* 0.58 -0.51 0.06 2.25 1.14 -3.46** -2.70* -2.70* 

8 wh28 166.00 1.45 63.75 8.00 1.75 51.25 57.75 213.00 8.75 5.98 13.95 2.79 

 t -8.91** -1.15 -8.40** 4.00** 2.21 -1.29 0.53 3.59** 3.56** -0.68 0.32 0.32 

9 T84 128.00 1.20 45.00 7.00 3.00 43.00 68.00 178.00 17.00 5.39 19.05 3.81 

10 wh59 115.60 1.12 35.40 6.00 0.40 43.20 65.20 131.60 0.60 5.03 18.44 3.69 

 t 3.90** 1.12 2.27* 1.13 0.56 -1.44 -1.95 0.32 1.10 1.64 0.98 0.98 

11 wh68 110.40 1.36 29.40 8.40 4.60 36.20 51.60 211.60 31.20 4.49 16.96 3.39 

 t 4.69** -0.91 3.38** -1.35 -2.26* 1.03 0.90 -2.08 -2.22 3.88** 1.71 1.71 

12 wh71 115.40 1.12 31.20 7.20 1.60 43.00 60.20 192.60 5.60 4.81 19.44 3.89 

 t 9.77** 1.01 2.49* -0.73 -0.78 -1.51 -0.55 -2.63* -0.25 2.77* -0.69 -0.69 

13 wh75 109.00 1.22 23.60 6.40 3.20 40.60 52.20 197.60 17.80 4.56 18.84 3.77 

 t 8.61** 0.03 3.87** 0.64 -1.53 -0.19 0.27 -1.90 -1.10 3.34** 0.22 0.22 

14 wh77 111.00 1.24 25.20 7.20 3.80 43.00 54.20 163.00 38.60 4.86 19.24 3.85 

              



            Continued Table 1

Code No. Var. PH(cm) ST(cm) BH(cm) NFB NSB LMI(cm) SMI SFB SSB SL(cm) SS SW(g) 

 t 9.31** -0.09 3.80** -0.73 -1.94 -0.93 0.23 -0.92 -2.17 2.76* -0.33 -0.33 

15 wh78 119.60 1.20 29.00 6.80 1.00 46.60 64.40 173.60 2.00 5.17 19.84 3.97 

 t 2.31* 0.27 3.38** -0.07 -0.26 -2.04 -1.68 -1.42 0.60 0.54 -1.08 -1.08 

16 ZS9 137.00 1.38 54.60 8.20 2.40 46.40 57.80 218.20 12.60 5.23 20.07 4.01 

17 wh118 128.80 1.34 40.00 6.40 5.00 50.80 51.40 208.80 46.60 5.14 19.53 3.91 

 t 2.73* 0.21 2.60* 1.52 -1.20 -1.48 1.59 0.17 -1.39 0.43 0.55 0.55 

18 wh123 130.60 1.40 35.40 6.40 10.20 56.80 53.60 208.00 81.60 5.52 21.84 4.37 

 t 1.88 -0.18 4.43** 1.58 -4.75 -3.63** 1.33 0.18 -5.11** -1.33 -1.55 -1.55 

19 wh124 135.00 1.36 45.20 6.20 5.40 48.00 49.20 168.60 41.00 5.16 19.24 3.85 

 t 0.46 0.08 1.54 1.70 -1.02 -0.32 1.15 0.80 -1.02 0.46 0.84 0.84 

20 wh127 127.20 1.20 39.80 6.40 2.60 49.80 58.40 172.80 9.60 5.44 20.08 4.02 

 t 4.88** 1.35 2.41* 1.58 -0.14 -0.48 -0.15 0.80 0.36 -0.97 -0.01 -0.01 

21 wh128 123.75 1.38 32.00 7.00 7.25 56.25 54.75 181.50 31.00 5.88 18.50 3.70 

 t 5.10** 0.02 4.60** 0.97 -2.37* -4.02** 0.54 0.61 -1.80 -1.75 1.28 1.28 

22 wh129 123.40 1.40 30.40 6.40 7.80 55.20 53.60 180.80 75.60 5.13 17.76 3.55 

 t 4.60** -0.16 5.19** 1.58 -2.85* -2.77* 0.56 0.67 -3.06** 0.57 1.85 1.85 

23 wh133 124.35 1.65 29.35 8.10 9.20 54.55 56.90 233.95 66.15 5.47 20.87 4.02 

 t 7.46** -3.02* 5.29** -0.36 -5.58** -2.86* -0.06 -0.56 -5.42** -1.74 -0.63 -0.63 

24 wh136 119.80 0.96 38.60 6.00 4.00 50.20 90.60 143.60 20.20 6.60 16.40 3.92 

 t 3.92** 3.29** 2.76* 1.90 -0.76 -1.31 -0.86 1.34 -0.57 -0.87 0.37 0.37 

Note: The bold rows mean the values of agronomic traits of the genetic donors; *: means data with significance at 0.05 level; **: means data with significance at 0.01 level; VAR: Variety and lines; PH: 
Plant height; ST: Stem thickness; BH: Branch height; NFB: Number of the first branches; NSB: Number of the second branches; LMI: Length of the main inflorescence; SMI: Siliques of the main 
inflorescence; SFB: Siliques of the first branches; SSB: Siliques of the second branches; SL: Silique length; SS: Seeds per silique; SW: 1000-seed weight 
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