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Abstract 
Quantitative traits are the traits controlled by many genes and 

each of the genes has a small effect on the trait. The loci 

controlling quantitative traits are referred to as QTLs 

(Quantitative Trait Loci) and the procedure of finding and 

locating the QTLs are called QTL mapping. The available 

literature on use of molecular markers for detecting loci 

influencing the performance of Maize in drought stress is very 

scanty in India, so the data considered belongs to Maize crop in 

drought stress, for the present investigation. Mapping population 

with 236 RILs (Recombinant Inbred Lines), using Ac7643S5 

(drought tolerant) and Ac7729 (drought susceptible) as male 

parent, at CIMMYT and evaluated in India under AMBIONET 

(Asian Maize Biotechnology Network), Maize Genetic Unit, 

IARI is considered for the present investigation. Phenotypic data 

on different plant characters have been utilized for the present 

study. Genotypic data on RILs obtained through 138 RFLP 

markers and a linkage map of a total length of 2250 cM with an 

average density of 17 cM are used for QTL detection. Genotypic 

data is obtained through molecular marker assay whereas 

phenotypic data is derived from evaluation of mapping 

population of the target traits of interest. The analysis is done 

using software QTLMapper (version 1) and it is found that 

marker MK28 has main-effect on four traits, marker MK28, 

MK101 and MK34 has main-effect on two traits. Interaction 

effect has also been found in different marker pairs. The results 

are obtained considering the main and interaction effect of 

markers and it is seen that for the trait Anthesis-Silking Interval 

one QTL is present on chromosome 1 located on marker MK13. 

For the trait Ear Height, three QTLs are present, first QTL on 

chromosome 1 located on 4cM to right from MK8, second QTL 

on chromosome 2 located on MK34 and third QTL on 

chromosome 8 located on MK101. For the trait Grain Yield two 

QTLs are present, first is on chromosome 2 located on 2cM to 

the right from MK28 and second QTL on chromosome 4 located 

on MK51. For the trait Ear Diameter one QTL is present on 

chromosome 3 located on MK35. For the trait 100 Kernel 

Weight one QTL is present on chromosome 2 located on 14cM 

to the right of MK27. For the trait Plant Height one QTL is 

present on chromosome 8 located on marker MK101. 

Keywords: QTL, main-effect marker, interaction marker, 

interval mapping, QTL×Environment interaction. 

 

1. Introduction 

A quantitative trait is traditionally defined as a trait with a 

continuous distribution. The trait values are obtained by 

measuring instead of counting .The trait is considered to be 

controlled by many genes and each of the genes has a  

 

small effect on the trait. However recently, using the 

contribution of genomic mapping and the traditional 

quantitative genetics it is seen that a small number of genes 

can produce a trait with continuous distribution. 

Genes controlling complex or quantitative traits play an 

important role in genomics and their information to 

agriculture and forestry etc. are of great significance. The 

loci controlling quantitative traits have commonly referred 

to as QTLs (quantitative trait loci). The procedure of 

finding and locating the QTLs are called QTL mapping. 

QTL mapping involves construction of genomic maps and 

searching for a relationship between traits and polymorphic 

markers. Quantitative traits usually controlled by more 

than one gene and influenced by the environment, although 

traits controlled by a single gene with incomplete 

penetrance can also be treated as quantitative traits for 

mapping and isolating the gene. 

Lander and Botstein (1989) proposed an interval mapping 

(IM), for mapping QTL. They used one marker interval at 

a time to construct a putative QTL for testing by 

performing a likelihood ratio test (LRT) at every position 

in the interval. With a fine-scale genetic marker map 

throughout the genome, IM can be performed at any 

position covered by markers to produce a continuous LRT 

statistical profile along chromosomes. The position with 

the significantly largest LRT statistic in a chromosome 

region is an estimate of QTL position. 

Beiki (2005) in India done genetic analysis and molecular 

mapping of QTLs for drought tolerance in maize (Zea 

maize L.) without considering QE interaction. 

GE interaction has been a very important issue for breeders 

and quantitative geneticists. With DNA markers and 

appropriate experimental designs, GE interactions can be 

further dissect into components of QE interactions, which 

are of great importance for marker-assisted selection in 

crop improvement. QE interactions have been considered 

in mapping QTLs without epistasis, but these methods do 

not allow reliable and efficient dissection of GE 

interactions into their contributing QE components in the 

presence of epistasis. 
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Quantitative traits are influenced by the environment and 

tend to show varied degree of genotype×environment (GE) 

interaction. GE interaction occurs when two or more 

genotypes perform differently in different environments, 

and are thus described as differential genotypic 

sensitivities to environments. Plants, particularly self-

pollinated plants, tend to show a high level of GE 

interactions that allow better adaptation to their changing 

environments and the maintenance of genetic variation in 

populations. 

The importance of epistasis has been suggested from 

numerous classic quantitative genetic studies. Epistasis as 

an important genetic basis of complex phenotypes has also 

been revealed in several recent QTL mapping studies. 

However, current marker-based analysis for dissecting 

QTL effects usually assumes absence of epistasis among 

QTLs. This assumption was largely made for the 

simplification of statistical models, but violation of this 

result in biased estimates of the positions and effects of 

QTLs with a lower precision and power for QTL detection. 

Wang et al (1999) developed a methodology based on 

mixed linear models for mapping QTLs with digenic 

epistasis and QTL×environment (QE) interactions.  A 

computer software program (QTL Mapper version 1.0) has 

been developed, which is suitable for interval mapping for 

QTLs with additive, additive×additive epistasis, and their 

environment interactions. 

Utilization of molecular markers in QTL analysis as tools 

to explore the genetic and phenotypic bases of complex 

traits is an important landmark in genetics and plant 

breeding. Identification of molecular markers linked to loci 

involved in complex trait (e.g. Drought tolerance) could 

lead to a better understanding of various components of the 

trait and shall possibly lay a foundation for efficient 

Molecular-marker Assisted Selection (MAS) strategies. 

QTL mapping and MAS will enable the breeders to make 

selections based on DNA-based (genotypic) differences 

rather than phenotypic evaluation of segregating progeny. 

Under All India Coordinated Maize Improvement Project 

(AICMIP), major emphasis is now being given on 

development of drought tolerant varieties.  

 

2. Material and Methodology 

2.1 Mapping population 

For the purpose of QTL mapping of drought tolerance, 236 

RIL families were developed at CIMMYT-Applied 

Biotechnology centre, Mexico, using Ac764S5 (drought 

tolerant) as female parent and Ac7729 (drought 

susceptible) as male parent. The RILs were derived by 

single seed descent method from the F2 plants.  

2.2 Phenotype of mapping populations  

Phenotypic data on RILs (Recombinant Inbred Lines) are 

collected from two locations Hyderabad and Karimnagar 

on following eight different traits 1) Plant Height (PH), 2) 

Ear Height (EH), 3) Anthesis Silking Interval (ASI), 4) 

Grain Yield per Ear (GY),      5) Kernel Number per Ear 

(KNO), 6) 100 Kernel Weight (100KW), 7) Ear Length 

(EL) and   8) Ear Diameter (ED). 

2.3 Genotype of mapping populations and Linkage 

Mapping „Genotype‟ refers to analysis of the individuals 

constituting a mapping population using DNA markers that 

were found polymorphic between the parental lines. The 

mapping populations (RILs) were developed at CIMMYT-

Applied Biotechnology centre, Mexico and evaluated in 

India under AMBIONET (Asian Maize Biotechnology 

Network), Maize Genetics Unit, IARI under using 138 

RFLP markers and a linkage map of total length of 2250 

cM with an average density of 17 cM was constructed 

using Mapmaker Version 3.0.  

2.4 Methodology for QTL detection 

The model suggested by Wang et.al. (1999) in the 

presence of additive, additive×additive epistatic effect and 

their environmental interaction effects (QTL×environment 

interaction) are considered. 

 

3. Results 

The mixed linear model suggested by Wang et. al. (1999) 

in the presence of QTL×environment interaction is 

considered and the analysis is done using software 

QTLMapper version 1.0. 

1. 3.1 Main-effect markers 

The results for main-effect markers have been shown in 

Table 1. This table contains the number of selected 

markers, name of the selected markers and P-values for 

testing partial regression coefficients of the selected main 

effect markers. The R
2
 column shows the partial 

determination coefficients of the selected main-effect 

markers, each calculated with all the other selected 

markers in the regression model. For each trait, results for 

each environment have been obtained and depicted in 

Table 1.  

Two environments are considered Hyderabad 

(Environment 1) and Karimnagar (Environment 2). In the 

first environment, Hyderabad, main effect marker MK13 is 

visualized, and whereas in the second environment 

Karimnagar no main-effect markers for the trait Anthesis-

Silking Interval (ASI) could be seen. Three main-effect 

markers MK8, MK101 and MK34 for the trait Ear Height 

(EH) in the first environment are seen, while in the second 

environment Karimnagar no main-effect marker is 

visualized. For the trait Grain Yield (GY) main effect 

markers in both the environments Hyderabad and 

Karimnagar are MK28 and MK51 respectively. Main 

effect markers for the trait Kernel Number per ear (KNO) 
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in the first environment Hyderabad are MK94 and MK28 

and in the second environment Karimnagar no main-effect 

marker is obtained. For the trait Ear Length (EL) no main-

effect markers are selected in both the environments. For 

the trait Ear Diameter (ED) main-effect markers in both the 

environments Hyderabad and Karimnagar are MK28 and 

MK35 respectively.  For the trait 100 Kernel Weight 

(100KW) main-effect marker in the environment 

Hyderabad is MK28 and none is in environment 

Karimnagar. For the trait Plant Height (PH) main-effect 

markers in the environment Hyderabad are MK101 and 

MK 34, and in the second environment Karimnagar no 

main-effect marker is observed. 

Table 1: Details of main-effect markers for various traits along with their significance. 

Trait Environ- 

ment 

Total Selected 

Markers 

Name of 

Marker 

Proba- 

bility 

R
2
 value 

(Individual) 

R
2
 value 

(Combine) 

ASI 1 1 MK13 0.0018 0.0460 0.0460 

EH 1 3 MK8 

MK101 

MK34 

0.0001 

0.0002 

0.0007 

0.0613 

0.0592 

0.0469 

0.1674 

GY 1 1 MK28 0.0005 0.0561 0.0561 

2 1 MK51 0.0005 0.0596 0.0596 

KNO 1 2 MK94 

MK28 

0.0012 

0.0030 

0.0472 

0.0395 

0.0867 

ED 1 1 MK28 0.0015 0.0473 0.0473 

2 1 MK35 0.0005 0.0593 0.0593 

100KW 1 1 MK28 0.0047 0.0379 0.0379 

PH 1 2 MK101 

MK34 

0.0004 

0.0035 

0.0568 

0.0383 

0.0951 

 

From the significance of the regression, it is calculated that 

Marker MK28 has main-effect influence on four traits 

Grain Yield, Kernel Number per ear, Ear Diameter and 

100 Kernel Weight whereas Markers MK101 and MK34 

have main-effect influence on two traits Ear Height and 

Plant Height and marker MK28 has main-effect influence 

on two traits Ear Diameter and 100 Kernel Weight. 

3.2 Marker pair interaction effects  

In order to study interaction effects, the interaction 

markers have been studied and results are depicted in 

Table 2 for the selected pair of interaction markers. Each 

pair of interaction markers along with their names 

corresponding to the Marker A and Marker B have been 

given. The P values for testing partial regression 

coefficient of the selected interaction markers is also given 

in the table. The R
2
 column represents the partial 

determination coefficients for the selected interaction 

markers with the control over all the selected main effect 

markers and all the other selected pair of interaction 

markers. 

For the trait Anthesis-Silking Interval, in the environment 

Hyderabad, interaction marker pair is MK7-MK28; and in 

the second environment Karimnagar interaction marker 

pairs are MK58-MK71, MK54-MK93 and MK28-MK72. 

For the trait Ear Height, no interaction between markers in 

the environment Hyderabad is seen, while in the second 

environment Karimnagar interaction marker pairs are 

MK19-MK97 and MK19-MK90. For the trait Grain Yield 

no interaction between markers in the environment 

Hyderabad, while in the second environment Karimnagar 

interaction marker pair is MK122-MK124. For the trait 

Kernel Number per ear, interaction marker pair in the first 

environment Hyderabad is MK67-MK104, and in the 

second environment Karimnagar interaction marker pairs 

are MK38-MK118, MK122-MK124 and MK55-MK67. 

For the trait Ear Length interaction marker pairs in the first 

environment are MK123-MK129 and MK22-MK122 and 

in the second environment Karimnagar interaction marker 

pairs are seven in number i.e. MK79-MK125, MK22-

MK25, MK57-MK100, MK120-MK124, MK25-MK42, 

MK68-MK125 and MK74-MK85. For the trait Ear 

Diameter, interaction marker pairs in the environment 

Hyderabad are MK123-MK129, MK36-MK90 and MK11-

MK132 and in the second environment Karimnagar 

interaction marker pairs are five in number namely MK4-

MK30, MK55-MK96, MK52-MK72, MK84-MK92 and 

MK87-MK108. For the trait 100 Kernel Weight, four 

interaction marker pairs have been obtained in both the 

environments MK123-MK129, MK24-MK38, MK11-

MK132 and MK36-MK90 in the first environment 

Hyderabad and MK4-MK11, MK52-MK81, MK7-MK35 

and MK27-MK101 in the second environment 

Karimnagar. For the trait Plant Height, interaction marker 

pairs in the first environment Hyderabad are MK68-MK92 

and MK73-MK120 and in the second environment 

interaction marker pairs are MK19-MK90, MK30-MK103 

and MK30-MK123. 
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From the above results and from their significance it is 

concluded that the marker pair MK123-MK129 has 

interaction effect on three traits Ear Length, Ear Diameter 

and 100 Kernel Weight in the first environment 

Hyderabad; the marker pair MK19-MK90 has interaction 

effect on two traits Ear Length and Plant Height in the 

second environment Karimnagar; the marker pair MK122-

MK124 has interaction effect on two traits Grain Yield and 

Kernel Number per ear in the second environment 

Karimnagar; while all other marker pairs has interaction 

effect only on one trait either in first environment 

Hyderabad or in the second environment Karimnagar. In a 

nutshell it is seen that different marker pairs are 

responsible for different traits. 

 

Table 2: Details of interaction markers pairs for various traits along with their significance 

Trait Environ- 

ment 

Marker pairs 

selected 

Name of 

Marker A 

Name of 

Marker B 

Proba- 

bility. 

R
2
 value 

(Individual) 

R
2
 value 

(Combine) 

ASI 1 1 MK7 MK28 0.0006 0.0557 0.0557 

2 3 MK58 

MK54 

MK28 

MK71 

MK93 

MK72 

0.0002 

0.0001 

0.0002 

0.0598 

0.0646 

0.0591 

0.1819 

EH 2 2 MK19 

MK19 

MK97 

MK90 

0.0001 

0.0001 

0.0672 

0.0691 

0.1400 

GY 2 1 MK122 MK124 0.0001 0.0740 0.0740 

KNO 1 1 MK67 MK104 0.0005 0.0515 0.0515 

2 3 MK38 

MK122 

MK55 

MK118 

MK124 

MK67 

0.0011 

0.0001 

0.0031 

0.0475 

0.0659 

0.0387 

0.1611 

EL 1 2 MK123 

MK22 

MK129 

MK122 

0.0012 

0.0006 

0.0470 

0.0526 

0.0977 

2 7 MK79 

MK22 

MK57 

MK120 

MK25 

MK68 

MK74 

MK125 

MK25 

MK100 

MK124 

MK42 

MK125 

MK85 

0.0001 

0.0000 

0.0000 

0.0000 

0.0002 

0.0017 

0.0004 

0.0492 

0.0919 

0.0721 

0.0761 

0.0447 

0.0322 

0.0408 

0.3931 

ED 1 3 MK123 

MK36 

MK11 

MK129 

MK90 

MK132 

0.0000 

0.0000 

0.0010 

0.0678 

0.0799 

0.0424 

0.1746 

2 5 MK4 

MK55 

MK52 

MK84 

MK87 

MK30 

MK96 

MK72 

MK92 

MK108 

0.0003 

0.0007 

0.0008 

0.0007 

0.0029 

0.0515 

0.0445 

0.0429 

0.0435 

0.0337 

0.2238 

100KW 1 4 MK123 

MK24 

MK11 

MK36 

MK129 

MK38 

MK132 

MK90 

0.0000 

0.0001 

0.0004 

0.0004 

0.0672 

0.0603 

0.0481 

0.0485 

0.1978 

2 4 MK4 

MK52 

MK7 

MK27 

MK11 

MK81 

MK35 

MK101 

0.0006 

0.0003 

0.0000 

0.0001 

0.0476 

0.0541 

0.0790 

0.0592 

0.2270 

PH 1 2 MK68 

MK73 

MK92 

MK120 

0.0000 

0.0000 

0.0840 

0.0911 

0.1582 

2 3 MK19 

MK30 

MK30 

MK90 

MK103 

MK123 

0.0000 

0.0013 

0.0001 

0.0796 

0.0424 

0.0611 

0.1968 
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3.3 QTL Identification 

 

Once the main-effect markers and marker interactions have 

been identified for different traits, the next question is that 

of identification of QTLs in various traits. The results for 

main effect QTLs are given in Table 3. The Table 3 

contains the number of the chromosomes and the names of 

the marker intervals on which testing point is set. The site1 

(M) is the genetic distance (in Morgan) of the testing 

points from the left end of the chromosomes on which the 

testing point is set. The site2(M) is the genetic distance (in 

Morgan) of the testing point from the left markers on the 

interval on which the testing point is set. The LR gives the 

likelihood ratio value for the testing points. The LOD is 

the LOD scores transferred from the LR values under 

LOD=0.217LR. The A shows the additive genetic effects 

estimated at the testing points. Positive A values imply that 

the P1 parent takes positive values for the additive effect, 

while the P2 parent takes the negative. On the other hand 

negative A value means that the P1 parent takes negative 

value for the additive effect, while the parent P2 takes the 

positive. The P-value is obtained from Student‟s t-test for 

testing the additive effects. 

From the results in Table 3, it is seen that for the trait 

Anthesis-Silking Interval one QTL is present on 

chromosome 1 located on marker MK13. For the trait Ear 

Height, three QTLs are present, first QTL on chromosome 

1 located on 4cM to right from MK8, second QTL on 

chromosome 2 located on MK34 and third QTL on 

chromosome 8 located on MK101. For the trait Grain 

Yield two QTLs are present, first is on chromosome 2 

located on 2cM to the right from MK28 and second QTL 

on chromosome 4 located on MK51. For the trait Ear 

Diameter one QTL is present on chromosome 3 located on 

MK35. For the trait 100 Kernel Weight one QTL is present 

on chromosome 2 located on 14cM to the right of MK27. 

For the trait Plant Height one QTL is present on 

chromosome 8 located on marker MK101. 

 

Table 3: Details of the Main-effect QTLs along with their significance 

Trait Chromo- 

some. 

Interval Site1(M) Site2(M) LR LOD A Proba- 

bility 

ASI 1 MK13-MK14 2.553 0.0000 28.23 6.13 -2.8463 0.0000 

EH 1 

3 

8 

MK8-MK9 

MK34-MK35 

MK101-MK102 

1.633 

0.292 

0.877 

0.040 

0.000 

0.000 

28.23 

9.81 

12.40 

6.13 

2.13 

2.69 

-2.8463 

-1.5600 

-1.6327 

0.0000 

0.0462 

0.0292 

GY 2 

4 

MK28-MK29 

MK51-MK52 

1.630 

0.123 

0.020 

0.000 

11.27 

9.48 

2.45 

2.06 

9.2203 

-5.7418 

0.0307 

0.0504 

ED 3 MK35-MK36 0.510 0.000 20.28 4.40 0.2277 0.0146 

100KW 2 MK27-MK28 1.511 0.140 10.42 2.26 0.9471 0.0364 

PH 8 MK101-MK102 0.877 0.000 13.95 3.03 -2.5544 0.0155 

 

 

4. Discussion 

 

The analysis is done using software QTLMapper version 

1.0 and it is found that marker MK28 has main-effect on 

four traits Grain Yield, Kernel Number per ear, Ear 

Diameter and 100 Kernel Weight; marker MK101 and 

MK34 has main-effect on two traits Ear Height and Plant 

Height; marker MK28 has main-effect on two traits Ear 

Diameter and 100 Kernel Weight. MK123-MK129 has 

interaction effect on three traits Ear Length, Ear Diameter 

and 100 Kernel Weight in the first environment 

Hyderabad; the marker pair MK19-MK90 has interaction 

effect on two traits Ear Length and Plant Height in the 

second environment Karimnagar; the marker pair MK122-

MK124 has interaction effect on two traits Grain Yield and 

Kernel Number per ear in the second environment 

Karimnagar; while all other marker pairs has interaction 

effect only on one trait either in first environment 

Hyderabad or in the second environment Karimnagar. The 

results were obtained in the above main-effect markers and 

the interaction effect of marker pairs. It is found that for 

the trait Anthesis-Silking Interval one QTL is present on 

chromosome 1 located on marker MK13. For the trait Ear 

Height, three QTLs are present, first QTL on chromosome 

1 located on 4cM to right from MK8, second QTL on 

chromosome 2 located on MK34 and third QTL on 

chromosome 8 located on MK101. For the trait Grain 

Yield two QTLs are present, first is on chromosome 2 

located on 2cM to the right from MK28 and second QTL 

on chromosome 4 located on MK51. For the trait Ear 

Diameter one QTL is present on chromosome 3 located on 
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MK35. For the trait 100 Kernel Weight one QTL is present 

on chromosome 2 located on 14cM to the right of MK27. 

For the trait Plant Height one QTL is present on 

chromosome 8 located on marker MK101. Finally it is 

concluded that QTL×environment is an important 

component and should always be examined for studying 

the genetics of the character. 

 

References 

[1]  A. H. Beiki, “Genetic Analysis and Molecular 

Mapping of Quantitative Trait Loci (QTL) for 

Drought Tolerance in Maize (Zea mays L.)”, Ph. D. 

Thesis, Indian Agricultural research Institute, New 

Delhi, India, 2005. 

[2]  B. H. Liu, Statistical Genomics: Linkage, Mapping 

and QTL Analysis, CRC press, Boca Raton, New 

York, 1998.  

[3]  D. L. Wang, J. Zhu, Z. K. Li and A. H. Paterson, 

“Mapping QTLs with Epistatic Effects and 

QTL×Environment Interactions by Mixed Linear 

Model Approaches”, Theor. Appl. Genet., 99, 1999, 

pp. 1255-1264. 

[4]  E. S. Lander and D. Bostein, “Mapping Mendelian 

Factors Underlying Quantitative Traits Using RFLP 

Linkage Maps”, Genetics, 121, 1989, pp. 185-199. 

[5]  Z. B. Zeng, “Precision Mapping of Quantitative Trait 

Loci”, Genetics, 136, 1994, pp. 1457 – 1468. 

 

Nitiprasad N. Jambhulkar has received his M.Sc. and Ph. 

D. degrees in 2006 and 2011 respectively from Indian 

Agricultural Research Institute in the discipline of 

Agricultural statistics. He is currently working as a 

scientist at Central Rice Research Institute, Cuttack. He is 

a life member of the Indian Society of Agricultural 

Statistics. His research interest is in the area of 

bioinformatics.  

 

 


