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Grain rate (GR) is a very important trait in maize (Zea mays L.) breeding program related to yield. To 
realize its genetic basis, a recombinant inbred line (RIL) population and different nitrogen (N) regimes 
were used to map the quantitative trait loci (QTLs) for GR in maize. As a result, two QTLs were identified 
under high N regime and could explain a total of 14.84% of phenotypic variance. Due to additive effect, 
the QTL on chromosome 6 could decrease 0.029 of GR, while the QTL on chromosome 9 could increase 
0.0203 of GR. Under low N regime, one QTL was mapped on chromosome 6 and could account for 9.52% 
of phenotypic variance, and owning to additive effect, the QTL could make GR decrease by 0.0234. The 
result in comparison with previous studies showed that the three QTLs in this present study were new 
quantitative loci associated with GR in maize. These results were beneficial for understanding the 
genetic basis of GR in maize. 
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INTRODUCTION 
 
Grain rate (GR) is one of the most important traits in 
maize (Zea mays L.) breeding program (Yang et al., 
2005) related to yield, but at present, the maize germ-
plasm resources with high GR are quite lacking. To 
resolve this problem, an effective solution is to utilize elite 
genes associated with high GR to improve the trait of 
maize, but this must depend on an understanding on its 
genetic basis and quantitative trait locus QTL) mapping is 
an efficient approach to realize genetic basis of 
agronomic trait (Liu et al., 2009). 

To date, there are many reports on QTL mapping for 
yield-related traits in maize, such as grain yield (Ribaut et 
al., 1997), ear weight (Sabadin  et  al.,  2008),  field  grain 
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drying rate (Sala et al., 2006), 100-kernel weight (Guo et 
al., 2008), grain row number per ear and grain number 
per row (Xiang et al., 2001), but for the trait GR, only few 
studies were found in literature (Yang et al., 2005; Li et 
al., 2009). Furthermore, the previous populations for QTL 
mapping affecting GR were focused on F2. This kind of 
population is temporary and could not be reused, 
because there were no continued plants used for 
phenotypic and genetic analysis. However, recombinant 
inbred line (RIL) population is immortal and can be used 
again and again in different regions and time, due to 
homogenous individuals. At present, this population has 
been widely used to identify QTLs in many plants 
(Geffroy et al., 2000; Wan et al., 2006; Ding et al., 2008). 
But till date, the studies on QTL mapping associated with 
GR using this kind of population were hardly reported in 
maize. 

Although some QTLs associated with GR have been 
mapped, different parental lines, segregation populations 
or ecological conditions will lead to different results 
including QTL number, location or effect. For example, 
using 48-2 and 5003 as parental lines, Yang et al., (2005) 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by CiteSeerX

https://core.ac.uk/display/357329395?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


8008         Afr. J. Biotechnol. 
 
 
 

Table 1. Investigated values of parental lines and F1 on GR. 
 

N regime Mo17 Huangzao4 F1 

High N 0.801 0.832 0.854 

Low N 0.866 0.836 0.858 
 
 
 
identified five QTLs for GR on chromosomes 1, 2, 5 and 
8. Whereas in the report by Li et al. (2009), Qi319 and 
Huangzao4 were applied as mapping parents, as a 
result, only two QTLs were detected on chromosomes 3 
and 5. And thus, to develop new loci for GR in maize, it 
was necessary and significant to select new elite parental 
lines to map the QTLs associated with GR. 

Nitrogen (N) content in soil can affect gene expression; 
maybe same gene presents expression variation under 
different N supplies (Ribaut et al., 2007; Liu et al., 2007). 
Thus, different N regimes have frequently been used to 
detect QTLs in plant such as rice (Oryza sativa L.) (Shan 
et al., 2005), maize (Liu et al., 2008) and wheat (Triticum 
aestivum L.) (An et al., 2006). But till date, the studies on 
QTL mapping for GR using different N regimes were 
scarcely ever reported. 

Therefore, in this present study, a RIL population 
descendant from the cross between Mo17 and Huan-
gzao4 were used to map the QTLs for GR under two N 
regimes in maize. The objectives are to identify the QTLs 
associated with GR from new maize germplasm and to 
realize more clearly the genetic basis of GR in maize. 
 
 
MATERIALS AND METHODS 
 
Plant materials 
 
The experimental materials used in this study included two elite 
maize inbred lines Mo17 and Huangzao4 as parents, F1 and an F9 
RIL population consisting of 239 RILs. Mo17 and Huangzao4 are 
the representative lines of Lancaster and Tangsipingtou heterotic 
groups, respectively; F1 and the RIL population were derived from 
the cross between the two parental lines. 
 
 
Field experiments 
 
All the 242 lines were sown in a complete randomized design with 
six replicates at the experimental field of Nanchong Institute of 
Agricultural Sciences, Nanchong City, People’s Republic of China, 
with single-plant planting, one ear per plant and 15 plants per 
replicate, of which three replicates were under high N regime (HNR) 
by appending urea 300 kg/ha, and the other three replicates were 
under low N regime (LNR) with no appended N fertilizer. The 
average contents of total N and alkaline hydrolysis N in 30 cm 
depth soil were 0.092 and 0.000056%, respectively. 

During harvest, the middle eight plants of each replicate were 
individually investigated on the GR trait according to the formula:  
 
GR = weight of dry grain / weight of dry ear  
 
Based on the investigated data of the RIL population, SPSS11.5 
software (www.spss.com) was performed  on  analysis  of  variance  

 
 
 
 
(ANOVA), correlation analysis and descriptive statistics for the trait 
GR. 
 
 
QTL mapping 
 
Based on the phenotypic data of the RIL population under two N 
regimes and the genetic map consisting of 100 SSR markers and 
covering 1421.5 cM of mapping distance (Liu et al., 2009), the 
QTLs associated with GR were identified by composite interval 
mapping (CIM) of Windows QTL Cartographer 2.5 software (Wang 
et al., 2007). Control parameters included standard CIM model, 2.0 
cM as walk speed, 5 control markers, 10-cM window size and 
forward regression method. The threshold value for the QTL 
significance was determined by 1000-time permutation test (� = 
0.05) (Doerge and Churchill, 1996). The QTLs with log10 of odds 
ratio (LOD) value greater than the threshold value was presented, 
and their position, percentage of phenotypic variation and genetic 
effects were estimated at the significant LOD peak in the curve 
region, then, the identified QTLs were mapped with Mapchart 2.1 
software (Voorrips, 2002).  
 
 
RESULTS 
 
Phenotypic observation and statistic analysis  
 
The results investigated on GR showed that the tested 
lines presented variations. For the three lines, Mo17, 
Huangzao4 and F1, under HNR, F1 had the highest 
values, followed by Huangzao4 (Table 1), while under 
LNR, Mo17 possessed higher value than F1 while Huan-
gzao4 presented the least GR. The results could be 
explained by ecological condition affecting same gene 
expression. With regard to the RIL population, the valid 
236 RILs under HNR and LNR provided significant 
differences in GR at 0.01 probability level, respectively 
(Table 2). Nevertheless, the two group data presented 
significant positive correlation at 0.01 probability level (r = 
0.9). 

The results of the descriptive statistics for the RIL 
population are displayed in Table 3. The four values 
including range, standard deviation (SD), coefficient of 
variation (CV) and skewness under HNR were higher 
than those under LNR, while, the other four values 
including minimum, maximum, mean and kurtosis had 
contrary statistics results. From the frequency distribution 
graphs of the RIL population under two N regimes 
(Figures 1 and 2), it was found that the two group data 
could not agree well with normal distribution, which 
suggested that the trait GR were probably controlled by 
few genes in maize. 
 
 
QTL mapping 
 
Permutation test showed that the LOD threshold should 
be set at 2.58 and 2.65 for QTL identification under HNR 
and LNR, respectively. According to the LOD threshold 
values, three QTLs were detected under the two N  
regimes   (Figures  3   and   4),  of  which  the   two   QTL 
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Table 2. ANOVA of the RIL population on GR under two N regimes. 
 

N regime Variation source Sum of squares dfa Mean square F Sig. 
High N Between groups 5.863 235 0.025 9.026** 0.01 
 Within groups 1.305 472 0.003   
Low N Between groups 4.006 235 0.017 12.052** 0.01 
 Within groups 0.668 472 0.001   

 
aThere were 3 missing values among the RIL population consisting of 239 RILs. **Significant difference at 0.01 probability level.  

 
 
 

Table 3. Descriptive statistics of RIL population on GR under two N regimes. 
 

N regimes Range Minimum Maximum Mean SDa CVb Skewness Kurtosis 
High N 0.500 0.400 0.900 0.781 0.091 0.117 -1.858 3.530 
Low N 0.451 0.458 0.909 0.815 0.075 0.093 -2.227 5.472 

 
a Standard deviation; b coefficient of variation. 

 
 
 

 
 
Figure 1. Frequency distribution of RIL population for GR under 
high N regime. 

 
 
 
(named Qgr-hn-1 and Qgr-hn-2) identified under HNR 
were located on chromosomes 6 and 9 and were 
identified under HNR, near to Umc1490 and Umc1893 
(Figure 5 and Table 4), with 8.5 and 0 cM of mapping 
distance, respectively. The two QTLs could explain a total 
of 14.84% of phenotypic variance, decrease of 0.029 and 
increase of 0.0203 of GR due to additive effects. Under 
low N regime, only one QTL (named Qgr-ln-1) was 
identified on chromosome 6, near to Y1ssr, with 10 cM of 
mapping distance apart (Figure 5 and Table 4). This QTL 
could account for 9.52% of phenotypic variance and 
cause GR decrease of 0.0234 because of its additive 
effect.  

 
 
Figure 2. Frequency distribution of RIL population for GR under 
low N regime. 

 
 
 
DISCUSSION 
 
GR is a very important agronomic trait in maize breeding 
project. To realize its genetic basis, in this study, a RIL 
population consisting of 239 RILs was used to identify the 
QTLs associated with GR under two N regimes. As a 
result, two QTLs (Qgr-hn-1 and Qgr-hn-2) were located 
on chromosomes 6 and 9 under HNR, while under LNR, 
only one QTL (Qgr-ln-1) was mapped on chromosome 6. 
According to the phenotypic data of parental lines and the 
additive effects of these QTLs, it was concluded that Qgr-
hn-1 was from Mo17, while, Qgr-hn-2 and Qgr-ln-1 were 
from Huangzao4.  

Compared to previous reports on QTL mapping  for GR  
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Figure 3. QTL scanning associated with GR using RIL population from the cross between Mo17 and Huangzao4 under high N regime. Two 
QTLs were detected on chromosomes 6 and 9 in a condition where 2.58 was set as QTL significance threshold. 
 
 
 

 
 
Figure 4. QTL scanning associated with GR using RIL population from the cross between Mo17 and Huangzao4 under low N regime. One 
QTL was identified on chromosome 6 in a condition where 2.65 was set as QTL significance threshold. 
 
 
 

(Yang et al., 2005, Li et al., 2009), our studies differ 
from theirs in many aspects, and the main differences 
were listed in Table 5. For chromosomes 6 and 9, no 
QTLs were detected in their results, while, three QTLs 

were mapped in our experiments. Thus, the three QTLs 
reported in this present study were new loci associated 
with GR in maize. These differences of QTL mapping 
could probably result from different parental lines, segre- 
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Figure 5.  Chromosomal position of the QTLs for GR identified using RIL population under two N regimes, 
Qgr-hn-1 and Qgr-hn-2 under HNR (blue) and Qgr-ln-1 under LNR (red). 

 
 
 

Table 4. Positions and effects of the QTLs for GR identified under two N regimes. 
 

N regime QTL Chr. Flanking marker Position (cM) LODa R2 (%)b Additive effect 
High N Qgr-hn-1 6 Bnlg1922-Umc1490 88.2 2.68 9.95 -0.029 
 Qgr-hn-2 9 Umc1893 38.7 2.63 4.89 0.0203 
Low N Qgr-ln-1 6 Y1ssr-Phi031 27.6 3.51 9.52 -0.0234 

 
a Log10 of odds ratio; bpercentage of phenotypic variance explained by QTL. 

 
 
 

Table 5. The QTLs for GR identified in maize. 
 

Reference Parental line Population QTL number Chromosome No. 
Yang et al., 2005 48-2, 5003 F2 5 1, 1, 2, 5 and 8 
Li et al., 2009 Qi319, Huangzao4 F2 2 3 and 5 
This study Mo17, Huangzao4 RIL 3 6, 6 and 9 

 
 
 
gation populations or ecological conditions. 

Moreover, the QTL on chromosome 9 in our study 
(named Qgr-hn-2) were quite near to marker Umc1893 
(bin9.02), with only 0 cM of mapping distance between 
them. This suggested that Umc1893 could probably be 
co-segregated with the gene controlling GR within the 
QTL; thus, the marker could be considered in marker-
assisted selection breeding, similar to previous reports 
(Wu et al., 2007; Guo et al., 2008). The other two QTLs 
(Qgr-hn-1 and Qgr-ln-1) were far away from their linked 
markers, up to 8.5 and 10 cM, respectively. Nevertheless, 
other molecular markers could be added to map these 
QTLs more finely based on the constructed RIL popula-
tion and genetic map, and the further work is in progress  

In summary, a RIL population and different N regimes 

were first used to detect the QTLs for GR. The results 
showed that three QTLs were mapped on chromosomes 
6 and 9. Of which the two QTLs identified under HNR 
could explain a total of 14.84% of phenotypic variance, 
and due to additive, the QTL on chromosome 6 from 
Mo17 could decrease to 0.029 of GR, while, the other 
QTL on chromosome 9 from Huangzao4 could cause a 
GR increase of 0.0203. The QTL on chromosome 6 
identified under LNR from Huangzao4, could account for 
9.52% of phenotypic variance and decrease of 0.0234 of 
GR due to its negative additive effect. The results of 
comparison with previous reports showed that the three 
QTLs in this present study were new loci associated with 
GR in maize. These results are beneficial for realizing the 
genetic basis of GR in maize breeding program. 
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