
 i 

DNA MARKER-BASED DIVERSITY ASSESSMENT AND 

CHARACTERISATION OF ALLELES OF CANDIDATE 

GENES FOR CAROTENOID BIOSYNTHESIS IN YELLOW 

MAIZE INBRED LINES 

 

 

 

 

 

BY 

 

 

 

ADEYEMO, OYENIKE ARIKE 

(B.Sc., UNILAG; M.Sc. UI) 

 

 

 

 

 

 
A THESIS SUBMITTED FOR THE DEGREE OF  

DOCTOR OF PHILOSOPHY  

(CELL BIOLOGY AND GENETICS) 

UNIVERSITY OF LAGOS 

AKOKA-LAGOS 

 

 

 

 

 

 

NOVEMBER, 2011 

 

 

 



 ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iii 

DEDICATION 

 
To my husband Adeniyi and to my children, Ayomide, Adeibukun and 

Oluwadetan. 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iv 

ACKNOWLEDGEMENTS 

 
Firstly, I thank and praise God, the father of our Lord Jesus Christ, who granted me the 

grace and mercy to actualize my dream. 

 

I would like to give my sincere gratitude and appreciation to the various institutions, 

International Institute of Tropical Agriculture, Ibadan, Oyo State, Nigeria (IITA) and 

University of Lagos, Akoka, Lagos, Nigeria (UNILAG) and individuals who assisted and 

contributed to the successful completion of this study. I would like to express my special 

thanks and appreciation to my supervisor Prof. Olusesan Omidiji for his close 

supervision, guidance and constructive comments during the whole period of my study at 

UNILAG. I am indebted to UNILAG for granting me study leave with pay for two years 

to enable me complete my PhD research. 

 

I would also like to express my sincere gratitude to my second supervisor Dr. Abebe 

Menkir (IITA, Ibadan), for his hospitality, support, valuable comments and provision of 

financial resources during my research work carried at IITA.  I am also grateful to Dr. 

Melaku Gedil, who supervised all the molecular aspects of my research work in the 

Biotechnology Laboratory, IITA, Ibadan. The members of staff of the Maize Breeding 

Unit are highly acknowledged for their support in the planting of the maize inbred lines 

in greenhouse and technical assistance at IITA. I express special thanks to all the research 

workers at Biotechnology Laboratory IITA, Ibadan, who assisted me, Remi Olowolafe, 

Bola Odeseye, Femi, Fisayo, Ramat, Lovina, David, Manjula, Martine, Sandra, Eloh, 



 v 

Samson, Taiwo, Bamidele, Lilian, Funmi, Richard, Gerald, Tope, Kemi, Yemi, Ebere and 

Victoria.  

 

I am also grateful to all the members of the Cell Biology and Genetics family, Prof. 

P.G.C. Odeigah, Dr. (Mrs.) J. O. Okpuzor, Dr. I. A. Taiwo, Dr. L.A. Ogunkanmi, Dr. K. 

L. Njoku, Mr. O. A. Adebesin, Mr. O. A. Kolawole, and Mr. C. G. Alimba for their 

advice and encouragement in the pursuit of my study.  I thank Prof. G. O.Williams and 

Dr. (Mrs.) B.O. Oboh for her undoubted guidance to see that I complete my research. I 

am thankful to Mrs. C. O. Babatunde, Mr. Y.A. Abogunde, Mrs. O. A. Santos, Mrs. A. O. 

Ogun and Mr. Monday for their kindness and efficiency in handling all my administrative 

matters during the period of my study at IITA. 

 

I would also like to thank Prof. L. O. Chukwu, Dr. (Mrs.) Bose Desalu for their support 

and guidance during my thesis write up. I am also indebted to Prof. O.O. Amund, 

Prof.O.Familoni, Dr. R.E. (Mrs.) Uzeh, Dr. E.A. Omotayo, Dr. L. Adeoti for their 

encouragements. I would like to convey my gratefulness to Mr Adeolu Adebayo and Dr. 

Adeolu Okunade, for their support and encouragement. 

 

I thank my dear husband, Dr. E. A. Adeyemo, for all the support, understanding, 

continuous encouragement, patience, prayers and taking care of our dear children 

Ayomide, Adeibukun and Oluwadetan, through my study period. I express special 

thanks to my dear parents and siblings for their encouragement, love and prayers. 

 

 



 vi 

TABLE OF CONTENTS 

 
CONTENTS             PAGES 

 
Title page : : : : : : : : : : i 

Certification : : : : : : : : : : ii 

Dedication : : : : : : : : : : iii 

Acknowledgement : : : : : : : : : iv 

Table of Contents : : : : : : : : : vi 

List of Figures : : : : : : : : : x 

List of Tables : : : : : : : : : : xiii 

Abstract : : : : : : : : : : xv 

 

Chapter One: INTRODUCTION 

1.1 Background to study : : : : : : : :   1 

1.2 Statement of problem : : : : : : : :   9 

1.3 Significance of study : : : : : : : : 11 

1.4 Purpose/Objective of study : : : : : : : 11 

 1.4:1 Purpose of study : : : : : : : 12 

 1.4:2 Objectives of study : : : : : : : 12 

1.5 Research questions : : : : : : : : 13 

1.6 Operational Definition of Terms and Abbreviations : : : : 13 

 1.6:1 Terms : : : : : : : : : 13 

 1.6:2 Abbreviations : : : : : : : : 18 

 

Chapter Two: LITERATURE REVIEW 

2.1 Yellow maize crop: A good dietary source of pro-vitamin A : : 20 

2.2 Health benefits of carotenoids : : : : : : 23 

2.3 Genetic diversity and relationship assessment : : : : 24 

 

2.4 Types of Molecular markers used for genetic diversity assessment : : 27 

 2.4:1 Simple sequence repeats (SSR)            : : : 29 

 2.4:2 Amplified fragment length polymorphism (AFLP)  : : 32

 2.4:3 Single nucleotide polymorphism (SNP) : : : : 35 

 

2.5 Comparison of different molecular markers for genetic diversity assessment 39 

2.6 Correlation of molecular markers and phenotypic data : : : 41 

2.7 Carotenoids : : : : : : : : : 43 

 

2.8 Characterisation of carotenoid biosynthetic genes in maize : : : 45 

 2.8:1 Phytoene synthase and synthesis of phytoene : : : 47 



 vii 

 2.8:2 Desaturases and phytoene desaturation : : : : 48 

 2.8:3 Lycopene cyclases and lycopene cyclization : : : : 50 

 2.8:4 Hydroxylases and xanthophylls synthesis : : : : 51 

 

2.9 Quantitative trait loci controlling carotenoid content in yellow maize : 53 

2.10 Functional markers for polymprhisms in β-carotene candidate genes : 60 

2.10:1 Gene expression patterns and detection of allelic variation in maize  

endosperm tissues : : : : : : : 60 

 2.10:2 Polymorphisms and effects of allelic variation : : : 62 

 2.10:3 Allele specific PCR-based molecular markers for amplifying  

variation (functional alleles) in β-carotene content : : : 70 

2.11 Breeding strategy for genetic improvement of β-carotene content in maize : 71 

2.12 Marker assisted selection for crop improvement : : : : 72 

 

Chapter Three:  MATERIALS AND METHODS 

3.1 Plant materials  : : : : : : : : 74 

3.2 DNA extraction : : : : : : : : 79 

 3.2:1 Checking the Quality and Quantity of extracted DNA : : 80 

 3.2:2 DNA Dilution : : : : : : : : 81 

 

3.3 Genetic diversity assessment among yellow endosperm maize lines : : 81 

 3.3:1  AFLP-based assessment : : : : : : 81 

  3:3:1:1 Separation of amplified fragments on denaturing  

   Polyacrylamide gels (PAGE) : : : : : 82 

  3.3:1:2 Silver staining procedure : : : : : 84 

   3.3:1:3 Gel scoring of AFLP gels : : : : : 85 

  

3.3:2 SSR-based assessment : : : : : : 85 

  3.3:2:1 Oligonucleotide Primers : : : : : 85 

  3.3:2:2 Preliminary screening of SSR primers : : : 86 

  3.3:2:3 Polymerase chain reaction (PCR) amplification : : 86 

  3.3:2:4 Superfine agarose gel electrophoresis : : : : 87 

  3.3:2:5 Gel scoring of SSR gels : : : : : 87 

  

3.3:3 SNP-based assessment : : : : : : 88 

  3.3:3:1 Primer design and preliminary screening of SNP primers : 88 

  3.3:3:2 Polymerase chain reaction (PCR) amplification and  

SNP genotyping : : : : : : 90 

  3.3:3:3 Sequencing reaction and purification of extension products : 91 

  3.3:3:4 Electrophoresis on ABI genetic analyzer, alignment  

   of sequences : : : : : : : 92 

 

3.4 Carotenoid composition based diversity : : : : : 92 

 

 

 



 viii 

3.5 Molecular analysis of allele-specific PCR markers of β-carotene candidate 

 genes : : : : : : : : : : 98 

 3.5:1 Lycopene epsilon cyclase gene : : : : : 100 

  3.5:1:1 Primers for PCR assays for SNP216, 5’TE, 3’TE polymorphisms 100 

  3.5:1:2 Optimization of LCYE primers : : : : 100 

  3.5:1:3 PCR amplification : : : : : : 101 

  

3.5:2 β-carotene hydroxylase 1(HYDb1) or crtBR1) gene : : : 102 

  3.5:2:1 Primers for PCR-based assays for CrtRB1 InDel4, 3’Te, 5’TE 

   polymorphisms : : : : : : 102 

  3.5:2:2 Optimization of crtRB1 primers : : : : 102 

  3.5:2:3 PCR amplification : : : : : : 102 

  

3.5:3 Hydroxylase 3 (HYD3) gene : : : : : : 102 

 3.5:3:1 Primers for PCR-based assays for HYD3 polymorphism : 103 

 3.5:3:2 Optimization of HYD3 primers : : : : 104 

 3.5:3:3 PCR amplification : : : : : : 104 

 

3.5:4 Gel electrophoresis : : : : : : : 104 

 

3.6 Data Analysis : : : : : : : : : 106 

 3.6:1 Molecular markers : : : : : : : 106 

 3.6:2 Estimates of genetic distances between inbred lines : : : 106 

 3.6:3 Carotenoid data : : : : : : : 107 

 3.6:4 Clustering analyses : : : : : : : 107 

 3.6:5 Correspondence analysis of matrices : : : : : 108 

 3.6:6 SNP analysis in PSY1 gene : : : : : : 108 

 3.6:7 SNP analysis of allelic variations of β-carotene candidate genes : 109 

 

Chapter Four:  RESULTS 

4.1 Genetic diversity in yellow endosperm tropical maize inbred lines : : 110 

 4.1:1 Extent of polymorphism detected with AFLP and SSR markers : 110 

 4.1:2 Diversity and cluster analysis AFLP-based assessment : : 115 

 4.1:3 Diversity and cluster analysis SSR-based assessment : : 118 

 4.1:4 DNA sequences in PSY1 gene : : : : : 128 

 4.1:5 Comparison between AFLP-based grouping and SSR-based grouping 128 

 

4.2 Carotenoid composition-based assessment : : : : : 129 

 4.2:1 Comparison of AFLP- and SSR-based groupings with carotenoid 

  based grouping of lines : : : : : : 135 

 4.2:2 Comparison of SSR-based groupings with carotenoid based  

grouping of lines : : : : : : : 138 

 

4.3 Allelic variation of carotenoid biosynthetic genes in yellow maize inbred lines 141 

 4.3:1 PCR amplifications for SNP polymorphisms : : : : 141 



 ix 

            4.3:2 Genes that significantly affect flux in the first branch (lycopene – α-carotene –   

lutein) of the carotenoid biosynthesis : : : : : 141  

           4.3:3 Genes that significantly affect flux in the second branch (Lycopene - β-carotene - 

β-cryptoxanthin - zeaxanthin) of the carotenoid biosynthesis            :           154 

 

 4.3:4 SNP allelic haplotype diversity at LCYE and crtRB1 loci : : 163 

 

4.4 SSR-based diversity among 122 maize inbred lines with the candidate genes 166 

 

Chapter Five:  DISCUSSION                                                                                              167 

Conclusion : : : : : : : : : : 179 

Contribution to knowledge : : : : : : : : 180 

References : : : : : : : : : : 181 

Appendix : : : : : : : : : : 202 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 x 

List of Figures 
 

Figure 2.1: Simplified carotenoid biosynthetic pathway in Maize and Arabidopsis,  

  (Yan et al., 2010) : : : : :                         46 

 

Figure 2.2: LCYE gene structure showing different functional polymorphisms  

influencing alpha to beta carotene branching of the maize carotenoid 

pathway based on association analysis, linkage mapping and expression 

profiling (Harjes et al., 2008) : : : :                                   56 

 

Figure 2.3: Annotated Maize CritRB1 sequence showing different functional 

  polymorphisms influencing β-carotene content (Yan et al., 2010) : 58 

 

Figure 2.4: LCYE gene structure based on maize ZmGSStruc 11-12-04.976,  

  according to Harjes  et al. (2008) : : : : : 63-64 

 

Figure 2.5: CrtRB1 gene structure based on maize inbred B73 genomic sequence. 

  according to Yan et al. (2010) : : :    :          :          66-67 

 

Figure 2.6: Part of HYD3 sequence showing the variant region that  

  distinguishes the high and low beta-carotene lines according to  

                        Vallabhaneni et al. (2009) : : : : : :   69 

 

Figure 4:1: Dendrogram of 38 tropical-adapted yellow maize inbred lines 

  obtained using AFLP markers : : : : : 116 

 

Figure 4.2: 3D plot of tropical-adapted yellow maize determined on the basis 

  of principal coordinate analysis of AFLP-based estimates of  

  Jaccard’s (1908) distance : : : : : : 117 

 

Figure 4.3: Dendrogram of 38 tropical-adapted yellow maize inbred lines  

  obtained using SSR markers : : : : : : 119 

 

Figure 4.4: 3D plot of 38 tropical-adapted yellow maize determined on the 

  basis of principal coordinate analysis of SSR-based estimates 

  of Modified Roger’s (1972) distance. : : : : :           120 

 

Figure 4.5: Gel photograph of amplification of SSR alleles for SSR primer 

  phi 126 amplified in 38 yellow endosperm tropical maize inbred : 121 

 

Figure 4.6: Gel photograph of amplification of SSR alleles for SSR primer 

  blng 1721 amplified in 38 yellow endosperm tropical maize inbred : 122 

 

Figure 4.7: Dendrogram of 122 tropical-adapted yellow maize inbred lines 

  obtained using SSR markers. : : : : : : 124 

 



 xi 

Figure 4.8: 3D plot of 122 tropical-adapted yellow maize determined on the 

  basis of principal coordinate analysis of SSR-based estimates of 

  Modified Roger’s (1972) distance. : : : : : 125 

 

Figure 4.9: Gel photographs of amplification of SSR alleles for SSR primer phi96100 

  amplified in 48 of 122 yellow endosperm tropical maize inbred lines. 126 

 

Figure 4.10: Gel photographs of amplification of SSR alleles for SSR primer phi076 

  amplified in 48 of 122 yellow endosperm tropical maize inbred lines. 127 

 

Figure 4.11: Dendrogram of 38 tropical-adapted yellow maize inbred lines 

  obtained using carotenoid data. : : : : : 130 

 

Figure 4.12: 3D plot of 38 tropical-adapted yellow maize determined on the basis 

  of principal coordinate analysis of carotenoid-based estimates of 

  Euclidean’s distance (Sneath and Sokal, 1973). : : : 131 

 

Figure 4.13: Dendrogram of 122 tropical-adapted yellow maize inbred lines 

  obtained using carotenoid data. : : : : : 133 

 

Figure 4.14: 3D plot of 122 tropical-adapted yellow maize determined on the  

  basis of principal coordinate analysis of carotenoid-based estimates 

  of Euclidean’s distance (Sneath and Sokal, 1973)  : : : 134 

 

Figure 4.15: LCYE PCR assay SNP216 showing the maize inbred line with 

  best allele (G) and worst allele (A) on 2 % agarose gel. : : 144 

 

Figure 4.16: LCYE PCR assay 3’INDEL gel showing the lines with best allele 

  (144+502 bp) representing 8 bp insertion and worst allele (399+144+502 bp)       

: : : : : : : :          :           :             144          

 

Figure 4.17: LCYE PCR assay 5’INDEL showing the lines with best allele  

(150+280+1700 bp) representing and worst allele (null) on 2 % 

agarose gel. : : : : : : : : 145 

 

Figure 4.18: LCYE PCR assay 5’INDEL showing the lines with worst allele  

  (250+380 bp) on 2 % agarose gel. : : : : : 145 

 

Figure 4.19: HYDB1/crtRB1 PCR assay 5’INDEL showing the lines with best 

  allele (600 bp) and worst allele (800 bp) on 2 % agarose gel : : 156 

 

Figure 4.20: HYDB1/crtRB1 PCR assay 3’TE/INDEL showing the lines with best 

  allele (543 bp), worst allele (296 bp) and (296+1221 bp) on 2 % 

  agarose gel. : : : : : : : : 156 

 

 



 xii 

Figure 4.21: HYDB1/crtRB1 INDEL 4 PCR assay showing the lines with 

  worst allele 117 bp (with 12 bp deletion at InDel4) and best 

  allele 129 bp (with 12 bp insertion at InDel4) on 6 % denaturing 

  polyacrylamide gel. : : : : : : : 156 

 

Figure 4.22: HYD3 PCR assay showing the lines with worst allele (163 bp) 

  and a common allele (608 bp) on 2 % agarose gel. : : : 162 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xiii 

List of Tables 

 
Table 3.1: Pedigree for the 38 yellow endosperm tropical- adapted maize inbred  

 lines (Source, IITA Maize Breeding Unit, July, 2008): : : 75 

                                                                                                                                                                      

Table 3.2: Pedigree for the 122 yellow endosperm tropical-adapted maize inbred  

 lines (Source, IITA Maize Breeding Unit, November, 2009) : : 76                                                                                                             

 

Table 3.3: Designed primer sequences used for PSY1 genotyping  : : : 89                                                                  

 

Table 3.4: Carotenoid contents of the 38 tropical-adapted yellow endosperm maize 

   inbred lines (Menkir et al., 2008): : : : : : 93                                                                                                                                                   

 

Table 3.5: Carotenoid contents of the 122 tropical-adapted yellow endosperm  

maize inbred lines (Menkir et al., 2008): : : : : 94-97 

 

Table 3.6: Sets of gene-specific markers for genotyping assays of single  

nucleotide polymorphisms in LCYE and CrtRB1 (HYD3) genes of  

maize carotenoid pathway : : : : : : 99 

 

Table 4.1: Number of fragments generated with 17 AFLP primer pairs applied to  

38 tropical-adapted yellow maize inbred lines : : : 111 

 

Table 4.2: Bin numbers, allele numbers and PIC values for SSR loci used to  

genotype 38 endosperm tropical-adapted maize inbred lines : : 112 

 

Table 4.3: Bin numbers, allele numbers and PIC values for SSR loci used to  

genotype 122 endosperm tropical-adapted maize inbred lines : 114 

 

Table 4.4: Minimum, maximum and means carotenoid values for 38 tropical- 

adapted yellow maize inbred lines separated into two groups based  

on AFLP markers : : : : : : : 136 

 

Table 4.5:  Minimum, maximum and means carotenoid values for 38 tropical- 

adapted yellow maize inbred lines separated into two groups based  

on SSR markers : : : : : : : 136 

 

Table 4.6: Minimum, maximum and means carotenoid values for 38 tropical- 

adapted yellow maize inbred lines separated into two groups based on  

carotenoid composition : : : : : : 137 

 

Table 4.7: Minimum, maximum and means carotenoid values for 122 tropical- 

adapted yellow maize inbred lines separated into four groups based on  

SSR markers  : : : : : : : : 139 

 

 



 xiv 

Table 4.8: Minimum, maximum and means carotenoid values for 122 tropical- 

adapted yellow maize inbred lines separated into four groups based on  

carotenoid data : : : : : :             140 

 

Table 4.9: Summary of SNPs in  lycopene episilon cyclase (LCYE) in 38 and 122  

                         tropical-adapted yellow endosperm maize inbred lines : : 142   

 

Table 4.10:  Comparison of favourable LCYE allele frequency in the 38 and 122   

                        tropical-adapted yellow endosperm maize inbred lines in the first branch  

                        of  carotenoid biosynthesis: : : : : :              147 

 

Table 4.11:  Genotypes with favourable allele for LCYE polymorphisms in 38  

tropical-adapted yellow maize inbred lines  : : : :  151 

 

Table 4.12:  Genotypes with favourable allele for LCYE polymorphisms in 122  

tropical-adapted yellow maize inbred lines : : : : 153 

 

Table 4.13: Summary of SNPs in β-carotene hydoxlase (crtRB1) in 38 and 122  

 tropical-adapted yellow endosperm maize inbred lines : : 155    

 

Table 4.14:  Comparison of favourable crtRB1 allele frequency in the 38 and 122   

                        tropical-adapted yellow endosperm maize inbred lines in the second branch  

                        of  carotenoid biosynthesis: : : : : :              159 

 

Table 4.15:  Genotypes with favourable allele for crtRB1 polymorphisms in 122  

tropical-adapted yellow maize inbred lines : : : : 160 

 

Table 4.16:   Frequency of lines with LCYE, crtRB1 and HYD3 haplotype combinations in the 

38 and 122 tropical-adapted yellow maize inbred lines : : 164 

 

Table 4.17:   Tropical-adapted yellow maize inbred lines with LCYE and crtRB1 and HYD3 

haplotype combination for favourable alleles in 122 set : : 165 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xv 

ABSTRACT 

The extent of genetic diversity among tropical-adapted maize inbred lines with varying 

carotenoid concentrations (two sets, 38 and 122) and to assess the relationship between 

markers based grouping and carotenoid concentration based grouping were assessed. Two β-

carotene candidate genes in the maize carotenoid biosynthetic pathway were evaluated using 

allelic specific PCR-based markers, by validating these markers and evaluating them among 

these diverse sets of maize inbred lines for the level of allelic diversity present. Diversity 

assessment of 38 tropical-adapted yellow endosperm maize inbred lines was made using 17 

AFLP primer combinations and 87 SSR markers. Also, SNP analysis of PSY1 gene was studied 

to determine the genetic diversity in the 38 lines. Genetic distance (GD) values among all pairs 

of inbred lines varied from 0.08 to 0.64 with an average of 0.48 for AFLPs, and from 0.007 to 

0.59 with an average of 0.45 for SSRs. Cluster and principal coordinate analyses based on 

AFLP and SSR-based GD estimates separated these lines into grouping consistent with their 

pedigrees. No nucleotide variations were observed in the PSY1 regions that were sequenced. 

The extent of genetic diversity and relationship among 122 tropical-adapted maize inbred lines 

were elucidated using 62 SSR markers. Genetic distance (GD) values among all pairs of inbred 

lines varied from 0.02 to 0.61 with an average of 0.41 for the SSR markers. Cluster and 

principal coordinate analyses revealed clear separation of tropical-adapted maize inbred lines 

into SSR-based and carotenoid-based groupings. Cluster based on SSR markers showed 

consistency with the pedigree information of the 122 inbred lines. The 38 and 122 inbred lines 

exhibited a substantial level of genetic diversity. The Euclidean genetic distances calculated 

from carotenoid composition of the 38 lines varied from 0.30 to 9.00 with an average of 3.27. 

The Euclidean genetic distances for the 122 maize inbred lines varied from 1.00 to 9.97 with 
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an average of 3.81 for the carotenoid data. Correlation using Mantel’s test between carotenoid-

based GD estimates and matrix from SSR marker-based GD estimates for the 122 maize 

inbreds also gave a low r value (-0.06). SSR and AFLP markers were more efficient for 

studying genetic variability in the 38 and SSR markers for 122 maize inbred lines than 

carotenoid-based data. The correlations of molecular marker-based clustering with carotenoid-

based clustering for the 38 and 122 inbred lines were not strong, suggesting that the molecular 

analysis could be used as the basis to identify diverse lines with high pro-vitamin A that can be 

used as parents for making bi-parental crosses or hybrids to increase the level of pro-vitamin A 

in tropical maize. The GD estimates can be used as the basis for effective utilization of the 

yellow inbred lines with diverse genetic backgrounds to enhance the rate of genetic gain from 

selection for high pro-vitamin A in the national maize breeding programs. The LCYE and 

crtRB genes in the carotenoid biosynthesis and allelic variants such as single nucleotide 

polymorphisms (SNPs), insertion and deletions (InDels) have been revealed to affect beta 

carotene accumulation in the endosperm of yellow maize grains. One hundred and twenty-two 

and thirty-eight (total, 160) tropical adapted maize inbred lines were screened for allelic 

characterization at LCYE and crtRB1 using allele-specific PCR primers designed against allelic 

variation. Different alleles (SNPs/Ins/Del) representing favorable and unfavorable alleles were 

detected in the two sets of inbred lines in different frequencies. Furthermore, the donor parents 

having maximal favorable alleles at the LCYE and crtRB1 loci were identified in breeding 

program for development of new maize inbred lines.  This study has shown that some tropical 

adapted maize inbred lines harbor most favorable β-carotene content alleles at the two loci. 

Therefore, potential parental genotypes can be used to breed for higher β-carotene content for 

LCYE and crtRB1 favorable alleles using the allelic-specific marker assisted selection. This 
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study suggests that these gene specific functional markers are reliable and efficient. They will 

be useful for recombination and introgression of alleles in maize breeding programs for 

increased level of pro-vitamin A concentration in maize. The groupings of 122 inbred lines 

generated from SSR-based data demonstrated that the lines belonging to the same groupings 

varied for the gene variants. Information from the current study will be useful in the breeding 

program for increasing higher β-carotene in maize grain. 

 

 

 

 

 

 

 

 

 

 

 


