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Abstract: Maize (Zea mays L.) is one of the most important cereal crops in the world. In this present study, a 

recombinant inbred line (RIL) population derived from the cross between Mo17 and Huangzao4 were selected to be 

investigated the trait the number of barren ear tips per plant (NBETP) under two nitrogen regimes, an important 

agronomic trait related to yield. Based on the phenotypic values of the two parents and RIL population in the trait 

NBETP, SPSS 11.5 software was used to perform descriptive statistics, analysis of variance and correlation analysis. The 

results are useful for further quantitative trait locus mapping for the trait NBETP in maize breeding project. 
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INTRODUCTION 
Quantitative trait locus (QTL) detection must 

depend on a segregating population consisting of large 

number of individuals. Currently, many types of 

population had already be used for QTL mapping, 

thereinto, F2 population is the most widely applied in 

plant breeding [1-5]. The population has many merits, 

such as less-time consuming, low cost and 

codominance. But, there is a shortcoming in QTL 

mapping for F2 population, which is to be no continuous 

plants used for phenotypic survey and DNA 

experiment, so this type of population is temporal [6]. 

Comparatively, recombinant inbred line (RIL) 

population is immortal, and can be utilized in different 

time and regions, because of its homogenous 

individuals. However, constructing this population will 

cost longer time and higher investment funds compared 

to F2 population [7]. Presently, RIL population has been 

used for QTL mapping in many crops, including rice [8-

10], soybean [11-13] and wheat [14-16], etc., but only 

limited reports were searched in maize (Zea mays L.) 

[17-20], especially in China [21-22]. 

 

As well known, maize is one of the most important 

crops throughout the world. According to previous 

literature, there were many studies on QTL mapping for 

maize agronomic traits [23-28], including plant 

phenotype [29-31], yield [32-34] and flower period [35-

36] related traits. But, the number of barren ear tip per 

plant (NBETP), an important agronomic trait related to 

yield, was hardly studied on QTL identification. 

Additionally, the QTL number, location and genetic 

effects of same trait demonstrate differences in different 

experiments to some extent, due to different mapping 

parents, population types or genetic maps. 

 

Therefore in this present study, the trait NBETP of 

a RIL population derived from the two elite inbred lines 

Mo17 and Huangzao4 was investigated and analyzed. 

This objective is to obtain some important data that can 

be further used for QTL identification. 

 

MATERIAL AND METHODS 

Plant materials 

The plant materials involved in this study was 

consisting of two parental inbred lines Huangzao4 and 

Mo17, and an F9 RIL population consisting of 221 

RILs. Huangzao4 and Mo17 are the representative lines 

of the Tansipingtou (China) and Lancaster (USA) 

heterotic groups, respectively. The RIL population was 

bred from the cross between the two parental lines. 

 

Field Experiments and Statistical Analysis 

Above 223 lines were sown under high nitrogen 

regime (HNR) and low nitrogen regime (LNR) in a 

complete randomized design with six replicates at 

Shanxi Academy of Agricultural Sciences, Xinzhou 

City, Shanxi Province, China, with single-plant planting 

and 15 plants per row in one replicate, of which three 

replicates were under high N regime (HNR) and another 

three replicates were under low N regime (LNR). 

 

During harvest, the middle 10 plants of every 

replicate of each line were individually investigated the 
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trait NBETP. Based on the statistic means of every line 

in a replicate, Statistical Package for Social Scientists 

software version 11.5 (SPSS 11.5) was used to perform 

descriptive statistics, analysis of variance (ANOVA) 

and correlation analysis. 

 

RESULTS AND DISCUSSION 

Descriptive Statistics for Parents and Population 

For parental materials, the average values of Mo17 

were lower than Huangzao4 under HNR, while under 

LNR, the statistic result is adverse (Table 1). The 

results of descriptive statistics for the RIL population 

were shown in Table 2. The RIL population under HNR 

possessed higher values than those under LNR for all 

the eight parameters except minimum and coefficient of 

variation (CoV). From the frequency distribution graphs 

of the RIL population (Figures 1 and 2), both of the two 

group data displayed normal distribution, which 

suggested that the trait NBETP is a quantitative trait 

and controlled by polygene. 

 

There were some studies on descriptive statistics 

for segregation populations and their parents, but they 

cannot be compared with each other, owing to different 

parental lines or population types. 

 

Table 1. Mean of the two parental lines in the trait NBETP 

N regimes Mo17 Huangzao4 

HNR 1.11  1.26  

LNR 1.25  1.09  

HNR = high nitrogen regime;  

LNR = low nitrogen regime. 

 

Table 2. Descriptive statistics of the RIL population in the trait NBETP 

N regimes Range Minimum Maximum Mean SD CoV (%) Skewness Kurtosis   

HNR 4.48  0.00  4.48  1.25  0.79  63.20  0.99  1.57    

LNR 3.79  0.00  3.79  1.12  0.75  66.96  0.83  0.47    

SD = standard deviation;  

CoV = Coeffeicient of variation;  

HNR = high nitrogen regime;  

LNR = low nitrogen regime. 

 

 
Figure 1. Frequency distribution of the RIL population under HNR for the trait NBETP. Lateral axis for the 

values of NBETP and vertical axis for the number of RILs. 
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Figure 2. Frequency distribution of the RIL population under LNR for the trait NBETP. Lateral axis for the 

values of NBETP and vertical axis for the number of RILs. 

 

ANOVA of the RIL population 

The RIL population under two nitrogen regimes 

was performed ANOVA according to the investigated 

phenotypic values of NBETB for the 221 individuals 

with three replicates. The results were listed in table 3. 

From the data in table 3, it was concluded that the 221 

RILs under both N regimes provided significant 

differences between them in NBETP at 0.01 probability 

level (P ＜ 0.001). 

 

Table 3 ANOVA of the RIL population across two nitrogen regimes in NBETP. 

N regimes   Sum of Squares Df
*
 Mean Square F Sig. 

HNR Between Groups 372.643 216 1.725 4.803 0.000 

  Within Groups 144.382 402 0.359     

  Total 517.025 618       

LNR Between Groups 327.259 214 1.529 3.331 0.000 

  Within Groups 173.099 377 0.459     

  Total 500.358 591       
*
excluded missing data;  

HNR = high nitrogen regime;  

LNR = low nitrogen regime. 

 

Correlation analysis of the RIL population between 

two nitrogen regimes 

According to the phenotypic values of every RIL 

of the population under two nitrogen regimes, 

correlation analysis was performed. The results 

indicated they were positively correlated at 0.01 

probability level, and the value was up to 0.631. 

 

CONCLUSIONS 

A RIL population derived from Mo17 × 

Huangzao4 were investigated the trait NBETP in field 

together with their parental inbred lines. According to 

the results of descriptive statistics, ANOVA and 

correlation analysis, it was concluded that the trait was 

quantitative and controlled by multiple genes. The 

obtained data here could be further used for QTL 

detection associated with the trait in maize molecular 

breeding. 

 

ACKNOWLEDGEMENT  

This work was supported by the Major Project for 

Genetically Modified Organisms Breeding from China 

Agriculture Ministry, China (2011ZX08003-001) and 

Project for the Doctoral Research Program from Shanxi 

Academy of Agricultural Sciences, China 

(YBSJJ1106). 



 

 

Liao C et al., Sch. Acad. J. Biosci., 2014; 2(2):76-80 

 

    79 

 

 

REFERENCES 

1. Park KJ, Sa KJ, Koh HJ, Lee JK; QTL analysis for 

eating quality-related traits in an F2:3 population 

derived from waxy corn × sweet corn cross. Breed 

Sci, 2013; 63:325-332. 

2. Kandianis CB, Stevens R, Liu W, Palacios N, 

Montgomery K, Pixley K, White WS, Rocheford 

T; Genetic architecture controlling variation in 

grain carotenoid composition and concentrations 

in two maize populations. Theor Appl Genet, 

2013; 126:2879-2895. 

3. Rodríguez GR, Kim HJ, van der Knaap E; 

Mapping of two suppressors of OVATE (sov) loci 

in tomato. Heredity (Edinb), 2013; 111:256-264. 

4. Ori RJ, Esmailizadeh AK, Charati H, 

Mohammadabadi MR, Sohrabi SS; Identification 

of QTL for live weight and growth rate using 

DNA markers on chromosome 3 in an F2 

population of Japanese quail. Mol Biol Rep, 2014; 

41:1049-1057. 

5. Xia JH, Lin G, He X, Yunping B, Liu P, Liu F, 

Sun F, Tu R, Yue GH; Mapping quantitative trait 

Loci for omega-3 Fatty acids in asian seabass. Mar 

Biotechnol (NY), 2014; 16:1-9. 

6. Liu XH, Tan ZB, Rong TZ; Molecular mapping of 

a major QTL conferring resistance to SCMV based 

on immortal RIL population in maize. Euphytica, 

2009; 167:229-235. 

7. Wan X, Weng J, Zhai H, Wang J, Lei C, Liu X, 

Guo T, Jiang L, Su N, Wan J; Quantitative trait 

loci (QTL) analysis for rice grain width and fine 

mapping of an identified QTL allele gw-5 in a 

recombination hotspot region on chromosome 5. 

Genetics, 2008; 179: 2239-2252 

8. Kobayashi A, Sonoda J, Sugimoto K, Kondo M, 

Iwasawa N, Hayashi T, Tomita K, Yano M, 

Shimizu T; Detection and verification of QTLs 

associated with heat-induced quality decline of 

rice (Oryza sativa L.) using recombinant inbred 

lines and near-isogenic lines. Breed Sci, 2013; 

63:339-346. 

9. Tang SQ, Shao GN, Wei XJ, Chen ML, Sheng 

ZH, Luo J, Jiao GA, Xie LH, Hu PS; QTL 

mapping of grain weight in rice and the validation 

of the QTL qTGW3.2. Gene, 2013; 527:201-206. 

10. Li L, Liu X, Xie K, Wang Y, Liu F, Lin Q, Wang 

W, Yang C, Lu B, Liu S, Chen L, Jiang L, Wan J; 

qLTG-9, a stable quantitative trait locus for low-

temperature germination in rice (Oryza sativa L.). 

Theor Appl Genet, 2013; 126:2313-2322. 

11. Sun S, Kim MY, Van K, Lee YW, Li B, Lee SH; 

QTLs for resistance to Phomopsis seed decay are 

associated with days to maturity in soybean 

(Glycine max). Theor Appl Genet, 2013; 

126:2029-38.  

12. Lee S, Mian MA, Sneller CH, Wang H, Dorrance 

AE, McHale LK; Joint linkage QTL analyses for 

partial resistance to Phytophthora sojae in soybean 

using six nested inbred populations with 

heterogeneous conditions. Theor Appl Genet, 

2014; 127:429-444. 

13. Song H, Yin Z, Chao M, Ning L, Zhang D, Yu D; 

Functional properties and expression quantitative 

trait loci for phosphate transporter GmPT1 in 

soybean. Plant Cell Environ, 2014; 37:462-472. 

14. Ruan Y, Comeau A, Langevin F, Hucl P, Clarke 

JM, Brule-Babel A, Pozniak CJ; Identification of 

novel QTL for resistance to Fusarium head blight 

in a tetraploid wheat population. Genome, 2012; 

55:853-864.  

15. Jia H, Wan H, Yang S, Zhang Z, Kong Z, Xue S, 

Zhang L, Ma Z; Genetic dissection of yield-related 

traits in a recombinant inbred line population 

created using a key breeding parent in China's 

wheat breeding. Theor Appl Genet, 2013; 

126:2123-2139. 

16. Xue S, Xu F, Li G, Zhou Y, Lin M, Gao Z, Su X, 

Xu X, Jiang G, Zhang S, Jia H, Kong Z, Zhang L, 

Ma Z; Fine mapping TaFLW1, a major QTL 

controlling flag leaf width in bread wheat 

(Triticum aestivum L.). Theor Appl Genet, 2013; 

126:1941-1949. 

17. Liu XH, Zheng ZP, Tan ZB, Li Z, He C; Genetic 

analysis of two new quantitative trait loci for ear 

weight in maize inbred line Huangzao4. Genet 

Mol Res, 2010; 9:2140-2147. 

18. Pan Q, Ali F, Yang X, Li J, Yan J; Exploring the 

genetic characteristics of two recombinant inbred 

line populations via high-density SNP markers in 

maize. PLoS One, 2012; 7:e52777. 

19. Hu H, Liu W, Fu Z, Homann L, Technow F, Wang 

H, Song C, Li S, Melchinger AE, Chen S; QTL 

mapping of stalk bending strength in a 

recombinant inbred line maize population. Theor 

Appl Genet, 2013; 126:2257-2266. 

20. Lu Y, Zhang S, Shah T, Xie C, Hao Z, Li X, 

Farkhari M, Ribaut JM, Cao M, Rong T, Xu Y; 

Joint linkage-linkage disequilibrium mapping is a 

powerful approach to detecting quantitative trait 

loci underlying drought tolerance in maize. Proc 

Natl Acad Sci USA, 2010; 107:19585-19590. 

21. Wang CL, Cheng FF, Sun ZH, Tang JH, Wu LC, 

Ku LX, Chen YH; Genetic analysis of photoperiod 

sensitivity in a tropical by temperate maize 

recombinant inbred population using molecular 

markers. Theor Appl Genet, 2008; 117:1129-1139. 

22. Yang X, Ma H, Zhang P, Yan J, Guo Y, Song T, 

Li J; Characterization of QTL for oil content in 

maize kernel. Theor Appl Genet, 2012; 125:1169-

1179. 

23. Vargas M, van Eeuwijk FA, Crossa J, Ribaut JM; 

Mapping QTLs and QTL x environment 

interaction for CIMMYT maize drought stress 

program using factorial regression and partial least 

squares methods. Theor Appl Genet, 2006; 

112:1009-1023. 

24. Presterl T, Ouzunova M, Schmidt W, Möller EM, 

Röber FK, Knaak C, Ernst K, Westhoff P, Geiger 

http://www.ncbi.nlm.nih.gov/pubmed/24273428
http://www.ncbi.nlm.nih.gov/pubmed/24273428
http://www.ncbi.nlm.nih.gov/pubmed/24273428
http://www.ncbi.nlm.nih.gov/pubmed/24042570
http://www.ncbi.nlm.nih.gov/pubmed/24042570
http://www.ncbi.nlm.nih.gov/pubmed/24042570
http://www.ncbi.nlm.nih.gov/pubmed/23673388
http://www.ncbi.nlm.nih.gov/pubmed/23673388
http://www.ncbi.nlm.nih.gov/pubmed/24385302
http://www.ncbi.nlm.nih.gov/pubmed/24385302
http://www.ncbi.nlm.nih.gov/pubmed/24385302
http://www.ncbi.nlm.nih.gov/pubmed/24385302
http://www.ncbi.nlm.nih.gov/pubmed/23887675
http://www.ncbi.nlm.nih.gov/pubmed/23887675
http://www.ncbi.nlm.nih.gov/pubmed/24273430
http://www.ncbi.nlm.nih.gov/pubmed/24273430
http://www.ncbi.nlm.nih.gov/pubmed/24273430
http://www.ncbi.nlm.nih.gov/pubmed/24273430
http://www.ncbi.nlm.nih.gov/pubmed/23769924
http://www.ncbi.nlm.nih.gov/pubmed/23769924
http://www.ncbi.nlm.nih.gov/pubmed/23769924
http://www.ncbi.nlm.nih.gov/pubmed/23748708
http://www.ncbi.nlm.nih.gov/pubmed/23748708
http://www.ncbi.nlm.nih.gov/pubmed/23702513
http://www.ncbi.nlm.nih.gov/pubmed/23702513
http://www.ncbi.nlm.nih.gov/pubmed/23702513
http://www.ncbi.nlm.nih.gov/pubmed/24247235
http://www.ncbi.nlm.nih.gov/pubmed/24247235
http://www.ncbi.nlm.nih.gov/pubmed/24247235
http://www.ncbi.nlm.nih.gov/pubmed/24247235
http://www.ncbi.nlm.nih.gov/pubmed/23889314
http://www.ncbi.nlm.nih.gov/pubmed/23889314
http://www.ncbi.nlm.nih.gov/pubmed/23889314
http://www.ncbi.nlm.nih.gov/pubmed/23231604
http://www.ncbi.nlm.nih.gov/pubmed/23231604
http://www.ncbi.nlm.nih.gov/pubmed/23231604
http://www.ncbi.nlm.nih.gov/pubmed/23689745
http://www.ncbi.nlm.nih.gov/pubmed/23689745
http://www.ncbi.nlm.nih.gov/pubmed/23689745
http://www.ncbi.nlm.nih.gov/pubmed/23689745
http://www.ncbi.nlm.nih.gov/pubmed/23661078
http://www.ncbi.nlm.nih.gov/pubmed/23661078
http://www.ncbi.nlm.nih.gov/pubmed/23661078
http://www.ncbi.nlm.nih.gov/pubmed/21053177
http://www.ncbi.nlm.nih.gov/pubmed/21053177
http://www.ncbi.nlm.nih.gov/pubmed/21053177
http://www.ncbi.nlm.nih.gov/pubmed/23300772
http://www.ncbi.nlm.nih.gov/pubmed/23300772
http://www.ncbi.nlm.nih.gov/pubmed/23300772
http://www.ncbi.nlm.nih.gov/pubmed/23300772
http://www.ncbi.nlm.nih.gov/pubmed/23737073
http://www.ncbi.nlm.nih.gov/pubmed/23737073
http://www.ncbi.nlm.nih.gov/pubmed/23737073
http://www.ncbi.nlm.nih.gov/pubmed/20974948
http://www.ncbi.nlm.nih.gov/pubmed/20974948
http://www.ncbi.nlm.nih.gov/pubmed/20974948
http://www.ncbi.nlm.nih.gov/pubmed/18677461
http://www.ncbi.nlm.nih.gov/pubmed/18677461
http://www.ncbi.nlm.nih.gov/pubmed/18677461
http://www.ncbi.nlm.nih.gov/pubmed/18677461
http://www.ncbi.nlm.nih.gov/pubmed/22669301
http://www.ncbi.nlm.nih.gov/pubmed/22669301
http://www.ncbi.nlm.nih.gov/pubmed/16538513
http://www.ncbi.nlm.nih.gov/pubmed/16538513
http://www.ncbi.nlm.nih.gov/pubmed/16538513
http://www.ncbi.nlm.nih.gov/pubmed/16538513


 

 

Liao C et al., Sch. Acad. J. Biosci., 2014; 2(2):76-80 

 

    80 

 

 

HH; Quantitative trait loci for early plant vigour of 

maize grown in chilly environments. Theor Appl 

Genet, 2007; 114:1059-1070. 

25. Welcker C, Boussuge B, Bencivenni C, Ribaut 

JM, Tardieu F; Are source and sink strengths 

genetically linked in maize plants subjected to 

water deficit? A QTL study of the responses of 

leaf growth and of Anthesis-Silking Interval to 

water deficit. J Exp Bot, 2007; 58:339-349. 

26. Messmer R, Fracheboud Y, Bänziger M, Vargas 

M, Stamp P, Ribaut JM; Drought stress and 

tropical maize: QTL-by-environment interactions 

and stability of QTLs across environments for 

yield components and secondary traits. Theor Appl 

Genet, 2009; 119:913-930. 

27. Riedelsheimer C, Technow F, Melchinger AE;. 

Comparison of whole-genome prediction models 

for traits with contrasting genetic architecture in a 

diversity panel of maize inbred lines. BMC 

Genomics, 2012; 13:e452. 

28. Benke A, Urbany C, Marsian J, Shi R, Wirén Nv, 

Stich B; The genetic basis of natural variation for 

iron homeostasis in the maize IBM population. 

BMC Plant Biol, 2014; 14:e12. 

29. Guo JF, Su GQ, Zhang JP, Wang GY; Genetic 

analysis and QTL mapping of maize yield and 

associate agronomic traits under semiarid land 

condition. Afr J Biotechnol, 2008; 7: 1829-1838. 

30. Zheng ZP, Liu XH; Genetic analysis of agronomic 

traits associated with plant architecture by QTL 

mapping in maize. Genet Mol Res, 2013; 12:1243-

1253. 

31. Zhang Z, Liu Z, Cui Z, Hu Y, Wang B, Tang J; 

Genetic analysis of grain filling rate using 

conditional QTL mapping in maize. Plos One, 

2013; 8(2): e56344. 

32. Ribaut JM, Jiang C, Gonzales-de-Leon D, 

Edmeades GO, Hosington D; Identification of 

quantitative trait loci under drought trait loci under 

drought conditions in tropical maize. 2. Yield 

components and marker-assisted selection 

strategies. Theor Appl Genet, 1997; 94: 887-896. 

33. Yang XJ, Lu M, Zhang SH, Zhou F, Qu YY, Xie 

CX; QTL mapping of plant height and ear position 

in maize (Zea mays L.). Yi Chuan, 2008; 30:1477-

1486. 

34. Liu R, Jia H, Cao X, Huang J, Li F, Tao Y, Qiu F, 

Zheng Y, Zhang Z; Fine mapping and candidate 

gene prediction of a pleiotropic quantitative trait 

locus for yield-related trait in Zea mays. PLoS 

One, 2012; 7:e49836. 

35. Chardon F, Virlon B, Moreau L, Falque M, Joets 

J, Decousset L, Murigneux A, Charcosset A; 

Genetic architecture of flowering time in maize as 

inferred from quantitative trait loci meta-analysis 

and synteny conservation with the rice genome. 

Genetics, 2004; 168: 2169-2185. 

36. Zheng ZP, Liu XH, Huang YB, Wu X, He C, Li Z; 

QTLs for days to silking in a recombinant inbred 

line maize population subjected to high and low 

nitrogen regimes. Genet Mol Res, 2012; 11:790-

798. 

 

http://www.ncbi.nlm.nih.gov/pubmed/17340099
http://www.ncbi.nlm.nih.gov/pubmed/17340099
http://www.ncbi.nlm.nih.gov/pubmed/17130185
http://www.ncbi.nlm.nih.gov/pubmed/17130185
http://www.ncbi.nlm.nih.gov/pubmed/17130185
http://www.ncbi.nlm.nih.gov/pubmed/17130185
http://www.ncbi.nlm.nih.gov/pubmed/17130185
http://www.ncbi.nlm.nih.gov/pubmed/19597726
http://www.ncbi.nlm.nih.gov/pubmed/19597726
http://www.ncbi.nlm.nih.gov/pubmed/19597726
http://www.ncbi.nlm.nih.gov/pubmed/19597726
http://www.ncbi.nlm.nih.gov/pubmed/22947126
http://www.ncbi.nlm.nih.gov/pubmed/22947126
http://www.ncbi.nlm.nih.gov/pubmed/22947126
http://www.ncbi.nlm.nih.gov/pubmed/24400634
http://www.ncbi.nlm.nih.gov/pubmed/24400634
http://www.ncbi.nlm.nih.gov/pubmed/23661449
http://www.ncbi.nlm.nih.gov/pubmed/23661449
http://www.ncbi.nlm.nih.gov/pubmed/23661449
http://www.ncbi.nlm.nih.gov/pubmed/23185451
http://www.ncbi.nlm.nih.gov/pubmed/23185451
http://www.ncbi.nlm.nih.gov/pubmed/23185451
http://www.ncbi.nlm.nih.gov/pubmed/22576907
http://www.ncbi.nlm.nih.gov/pubmed/22576907
http://www.ncbi.nlm.nih.gov/pubmed/22576907

