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Abstract. Makore F, Gasura E, Souta C, Mazamura U, Derera J, Zikhali M, Kamutando CN, Magorokosho C, Dari S. 2021. Molecular 
characterization of a farmer-preferred maize landrace population from a multiple-stress-prone subtropical lowland environment. 
Biodiversitas 22: 769-777.  The study was conducted to assess genetic diversity of 372 maize lines using 116 single nucleotide 
polymorphism (SNP) markers. Three hundred and forty-seven lines were S1 lines (coded J lines) from a local maize landrace population 
and twenty-five were the widely used standard lines. The number of alleles per marker ranged from two to four and the average was 
three alleles.  The average polymorphic information content (PIC) value of 0.405 indicates high genetic diversity for maize lines 
evaluated in this study. Population structure revealed three distinct sub-populations. Sub-population 1 contained two J lines; sub-
population 2 contained five J lines and sub-population 3 contained the rest of the J lines and all the standard lines. Analysis of molecular 

variance (AMOVA) identified 22% variance among and 78% variance within the three subpopulations, indicating high gene exchange 
and low genetic differentiation. Hierarchical cluster analysis further divided the lines into nine subgroups placing some of the J lines into 
known heterotic groups', i.e.,  J30_3, J393_4, J393_3, and J393_1 in CIMMYT heterotic group B. Allelic variation observed can be a 
source of allele combination for breeding programs interested in widening their genetic base. The private alleles that were present in the 
J lines suggest availability of stress-tolerant genes that breeders can incorporate in new hybrids. 
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INTRODUCTION 

Maize is a very important food crop in sub-Saharan 

Africa (SSA) but productivity is very low at 1.8 t ha-1 

compared to world average of 4.9 t ha-1 (Rezende et al. 

2019).  Abiotic stresses such as heat, drought, and low 

nitrogen (low N) are some of factors affecting maize 

production and it is difficult to find superior genotypes 

because variability is usually lost due to massive use of 

uniform commercial varieties. Artificial selection has 
gradually narrowed the genetic distances in maize 

germplasm (Whitt et al. 2002). Amount of genetic 

variability determines the breeding progress in any crop 

breeding program (Musundire et al. 2019). The US maize 

breeding program has operated as a closed system that led 

to loss of genetic variation (Nelson et al. 2016). 

Unimproved local varieties (landraces) are products of 

natural selection and are usually adapted to local growing 

conditions, therefore an important source of favorable traits 

such as resistance to abiotic and biotic stresses. Miti et al 

(2010) noted that some landrace varieties tolerated stress 
caused by low N better than improved maize varieties. 

Maize landrace populations are a source of genetic 

variation and comprise large allelic diversity (Holker et al. 

2019) that can be used to improve productivity. Maize 

landraces can be accessed from gene banks or from farmers 

and have been widely used by researchers as sources of 

genetic material to broaden the genetic base of elite maize 

germplasm (Strigens et al. 2013; Böhm et al. 2017; Brauner 

et al. 2019). Landraces have the highest genetic variation 

and best adapted to the environment they evolved (Maxted 

et al. 1997). The only drawback to their use in hybrid 

breeding is genetic heterogeneity and a high genetic load 

and to overcome these limitations breeders can now use 
new breeding tools such as double haploid technique, 

genotyping, and marker selection (Böhm et al. 2017). 

Dividing maize inbred lines into heterotic groups and 

establishing heterosis using molecular marker breeding has 

become a very important approach in modern research 

(Guan et al. 2020). Genetic diversity provides an estimate 

of average heterozygosity and genetic distances among 

individuals in a population.  

Heterosis at gene level is contributed by variation in the 

presence of genes or novel beneficial alleles (Springer and 

Stuper 2007; Zhang et al. 2016). Genetic diversity studies 
help researchers to make full use of variation and heterosis 

as inbred lines can be assigned into heterotic group. 

Conventional breeding can be used to establish diversity 

but it is difficult to accurately divide heterosis grouping 

using phenotypic data (Guan et al. 2020). Molecular 
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markers reveal sites of DNA variation in organisms and are 

not affected by environmental factors. Co-dominant 

markers such as single nucleotide polymorphism (SNP) can 

be used to construct linkage maps, to assess level of genetic 

diversity within germplasm and in cultivar identity 

(Pagnotta 2018) because they are abundant and have a high 

throughput (Collard et al. 2005). The importance of using 

molecular markers to infer genetic diversity in maize is 

well documented (Makumbi et al. 2018). In allogamous 

species like maize, landraces collections represent 
populations of heterozygous and heterogeneous individuals 

(Holker et al. 2019) hence the need to self and use S1 lines 

to evaluate breeding potential of the germplasm. This study 

was done to determine the level of diversity in maize S1 

lines derived from a landrace population. The objective of 

this study was to determine population structure and 

genetic diversity among the lines and infer potential 

heterotic groups and breeding potential of the derived lines. 

MATERIALS AND METHODS 

Germplasm  

The maize landrace “Redcore” was obtained from a 
smallholder farmer in the rural resettlement area, in 

Chilonga village, in Chiredzi district of Zimbabwe. 

Predominantly it has a red core and white grain. The 

landrace has been maintained on-farm, by the farmer for 

more than 11 years by selecting the large cobs and shelling 

kernels from the middle of the cobs to constitute 50 kg of 

seed every season. The attributes of the landrace include 

large white kernels. On average the farmer harvests at least 

2 to 3 tons per hectare of grain. According to the farmer, it 

is fairly resistant to pests, such as the maize weevils, and 

has a long taproot which makes it tolerant to drought. The 
farmer has also observed that it is heat stress-tolerant 

compared to commercial maize hybrids which are grown in 

the area.  The farmer has been selling seed of this landrace 

to the neighboring farmers in the area.  

A 50 kg bag of grain of the “Redcore” was collected 

from the farmer in 2018.  This was sampled for planting at 

the Stapleford Research Station, in Harare. A total of 9 000 

plants were established in 600 rows of 5 m rows of 15 

plants each, spaced at 30 cm within the row and 75 cm 

between the rows. A random sample of 600 plants was self-

pollinated to produce 600 S1 families.  For laboratory 

genotyping, a random sample of 87 cobs representing 
different families was collected and total of 347 seed 

samples was used. From the 87 cobs, 347 seed samples 

(coded as J lines) were genotyped and 25 samples derived 

from six standard tester inbred lines (TL) were also 

genotyped to make a total of 372 inbred lines. The tester 

lines belong to known regional heterotic groups such as 

N3, NC, NAW, and theCIMMYT A and B. regional. The 

genotyping was done in the SeedCo laboratory at Rattray 

Arnold Research Station, in 2020.  

Single nucleotide polymorphic (SNP) marker selection 

and genotyping 
Genomic deoxyribonucleic acid (DNA) isolation was 

done at Rattray Arnold Research Station (RARS) 

laboratory in Harare, Zimbabwe. The DNA from seeds of 

the 347 inbred lines and 25 seed samples of standard tester 

inbred lines was extracted using the modified CTAB 

method (Saghai-Maroof et al. 1984). The DNA was 

checked for quality using the agarose gel and quantity 

using a spectrophotometer. A total of 116 single nucleotide 

polymorphism (SNP) markers from an initial set of 139 

SNP markers obtained from the LGC Group Ltd single 

nucleotide polymorphism (SNP) database were used in 

genotyping. The 116 remained after removing the markers 
that had not amplified well in other words the markers that 

did not cluster into the three KASP groups of FAM (blue), 

VIC (red), and heterozygous (green) were removed leaving 

a total of 116 markers which were used in the diversity 

analysis. 

The markers were selected from each of the ten maize 

chromosomes with 16, 11, 12, 13, 11, 7, 7, 8, 10, and 9 

markers each from chromosome one to ten respectively. 

The markers were selected to be evenly spread from the 

proximal to the distal end of each chromosome using the 

centimorgan (cM) distances. The spread across 
chromosomes enabled the diversity to be determined across 

the whole genome. This even spread allowed us to use a 

few markers but still capture the diversity as the markers 

were not clustered on a few chromosomes. 

All KASP™ amplifications were carried out according 

to Zikhali et al. (2017) with the following changes in 384 

well plate instead of 1536‐well plates by using 1.8μl 

instead of 1 μL of KASP™ master mix 1X (LGC Group, 

UK) and 0.0135 μL of primer mix (12 μL FAM primer at 

100 μm + 12 μL of VIC primer at 100 μm + 30 μL of 

common primer at 100 μm + 46 μL of dH2O). One 
microlitre of DNA at 2 ng/μL was previously added on 

each well of the 384 well plates instead of 1536 plates and 

dried at 60 °C for 30 min (Zikhali et al. 2017). PCR 

reactions were carried out by using a touchdown program: 

95 °C for 15 min, then 10 cycles of 95 °C for 20 s and 61 

°C for 60 s (0.6 °C per cycle), followed by 26 cycles of 95 

°C for 20 s and 55 °C for 60 s on a hydrocycler from LGC 

(Zikhali et al. 2017). 

Statistical analysis 

Genetic properties of SNP markers  

The gene diversity (GD) of locus also known as 
expected heterozygosity (He) describes the proportion of 

heterozygous genotypes under Hardy-Weinberg 

equilibrium (Nei 1973). Polymorphic information content 

(PIC) and expected heterozygosity (He) were calculated 

using GenAlex software version 6.5 (Meirmans 2012; 

Peakall and Smouse 2012) and RStudio (Team R, 2015). 

Expected heterozygosity (He) = 1- , where, Pi is the 

frequency of the ith allele for the population and sum Pi² is 

the sum of the squared population allele frequencies. 
Polymorphism information content indicates genetic 

properties of SNPs in a population and was calculated 

using the formula of Botstein et al. (1980) as follows: 
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Where, Pi and Pj are the frequencies of ith and jth alleles 

for the selected marker, respectively.  

Analysis of population structure 

Structure software (Pritchard et al. 2000) with a burning 

length of 5000 and MCMC of 50000 was used to determine 

the number of groups among the inbred lines. The online 

genetic software Structure Harvester (Earl and von Holdt 

2012) visualized the structure analysis results following the 

Evanno approach to determine the most probable K-value. 

RStudio software was then used for cluster analysis to 
depict the inferred groups using the Gower's distance 

(Gower 1971) and neighbor-joining algorithm. The 

silhouette plots using RStudio like structure results also 

suggested three groups and the dendrogram was then sub-

divided into three groups using the cutree option in 

RStudio (Team R 2015).   

The number of subpopulations determined with 

structure was used for analysis of molecular variance 

(AMOVA) and calculation of Nei’s genetic distance using 

GenAlex v6.5 (Peakall and Smouse 2012). Nei's 

parameters were calculated according to Nei (1973) using 
the following formulas; Nei Genetic Identity = JxJy / (Jx * 

Jy)0.5
, Nei Unbiased Genetic Identity = Jxy / (JxUb * 

JyUb)0.5, Nei Genetic Distance = -1 * Ln(Nei Identity)  and 

Nei Unbiased Genetic Distance = -1 * Ln(Nei Unbiased 

Identity), where x represents the allele frequencies in pop 

1; y represents the allele frequencies in pop 2; Jx is the sum 

of x² over loci; Jy is the sum of y² over loci; JxJy is the sum 

of xy over loci.  JxUb is the sum of xUb over loci; JyUb is 

the sum of yUb over loci. In addition, genetic indices such 

as number of loci with private allele, number of different 

alleles (Na), Shannon information index (I), and number of 
effective alleles (Ne) were also calculated using GenAlex 

v6.5 (Peakall and Smouse 2012) as follows Ne = 1 / (Sum 

Pi²) and I = -1* Sum (Pi * Ln (Pi)). The duplications were 

also identified using GenAlex software version 6.5 

(Meirmans 2012; Peakall and Smouse 2012). 

RESULTS AND DISCUSSION 

Characterization and distribution of SNP markers  

A total of 372 accessions were genotyped using116 

SNP markers were used in this study. The SNP markers 

number of alleles ranged from 2 to 3 with an average of 

two alleles per marker. Genetic diversity (GD) values 

calculated as expected heterozygosity (He) ranged from 
0.005 to 0.661 and the mean was 0.45. The polymorphic 

information content (PIC) values varied from 0.005 to 

0.587 with an average of 0.405. The Shannon information 

index (I) mean was 0.783 and ranged from 0.019 to 1.09 

(Table 1). 

Duplications   

The J lines and tester lines used in the study were 

replicated four or five times. There were duplications for 

genotypes TL6, TL1, TL4, TL5, J_60, TL2 and TL3 (Table 

2). The tester inbred lines had more duplications compared 

to the S1 derived families, where only one out of the 87 was 
homozygous. 

Table 1. Summary statistics for the 116 SNP markers used 
 

Estimates Average Min. Max. 

Missing % 0.9 0 5.4 
Allele No. 3 2 3 
Common allele No. 2.9 1 3 
Rare allele No. 0.112 0 2 
Expected heterozygosity 0.453 0.005 0.661 

Polymorphic information content 0.405 0.005 0.587 
Shannon information index 0.783 0.019 1.09 

 

 
Table 2. Duplications among the lines characterized 
 

Sample no. Sample 
No of 

duplications 

Label of 

duplication 

367 TL6_4 2 A 
364 TL6_1 0 A 
355 TL1_4 4 B 
354 TL1_3 0 B 
353 TL1_2 0 B 
352 TL1_1 0 B 
372 TL4_5 3 C 

371 TL4_4 0 C 
370 TL4_3 0 C 
351 TL5_4 2 D 
350 TL5_3 0 D 
123 J_60_4 2 E 
122 J_60_3 0 E 
359 TL2_4 4 F 
358 TL2_3 0 F 

357 TL2_2 0 F 
356 TL2_1 0 F 
363 TL3_4 4 G 
362 TL3_3 0 G 
361 TL3_2 0 G 
360 TL3_1 0 G 

Note: TL= tester lines, J = S1 derived lines coded as J lines 

 

Population structure  

A huge genetic diversity was observed among 372 

maize lines, this was reflected by Gower's genetic distances 

which ranged from 0 to 0.64 (Figure 1). The Dendrogram 

from UPGMA cluster analysis clearly shows different 

groupings of the samples used in the study. The UPGMA 

cluster method resolved the 372 maize lines into 3 major 

groups at 0.5 Nei's genetic distance cutoff (Figure 1). 

Dendrogram show 3 possible groups with the first group 

having only 2 S1 lines (J383-3 and J212-2), second group 
with 5 S1 lines (J104_4, J104_3, J104_2, J104_1 and 

J109_3), and third group with a total of 365 lines i.e. the 

rest of J lines plus all the tester lines. Population structure 

analysis revealed three groups where the best K (parameter 

which describes the number of subpopulations that make 

up the total population) was selected (Figure 2).  The 

model-based quantitative clustering also shows the 

proportion of genome of individual line, where the 

duplications are shown with their perfect single color 

(Figure 3). Silhouette plots computed by R software also 

show three possible groups with actual numbers of 
individuals per group; group 1 has 365, group 2 has 5, and 

group 3 has 2 individuals (Figure 4). The hierarchical 
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clustering show nine major groups and up to twenty sub-

clusters that may be used for breeding purposes (Figure 5). 

The tester lines used in this study belong to known regional 

heterotic groups. Some of the S1 derived lines clustered 

together with tester lines that belong to known regional 

heterotic groups. For example, J lines J30_3, J393_4, 

J393_3, and J393_1 are in the same sub-cluster with tester 

line 3 which means they all belong to the known regional 

heterotic group, CIMMYT B. 

Genetic diversity 
The three subpopulations identified in STRUCTURE 

were then applied in GenAlEx 6.503 to calculate analysis 

of molecular variance (AMOVA), Nei genetic distance, 

and genetic diversity indices. The AMOVA revealed that 

22% of the total variation was found among subpopulations 

while the rest (78%) was within populations (Figure 6). 

Figure 7 shows AMOVA of two populations that are J lines 

and tester lines revealing different levels of diversity, 10% 

of variation is among subpopulations and 90% within 

populations agreeing with results from the Nei’s 

parameters calculation. Nei genetic identity was 0.91 while 
Nei unbiased genetic identity was 0.921. Nei genetic 

distance between these two populations was 0.094 while 

Nei unbiased genetic distance was 0.083. Genetic 

differences were observed between J lines and tester inbred 

lines illustrated by allelic patterns in Figure 8; where 

population 1 (Pop 1) represents the J lines and population 2 

(Pop 2) tester lines. Population 1 had 350 lines with one or 

more private alleles whilst Pop 2 had no private alleles. 

The J lines had higher mean number of different alleles 

(Na), number of effective alleles (Ne), Shannon index 

information (I), Na frequency, and number of common 

alleles compared to tester lines. Heterozygosity was lower 

for population 2 compared to population 1. Allelic patterns 

for the three possible groups inferred from STRUCTURE 

show huge diversity (Figure 9). Population 1, 2 and 3 

represent group 1, 2 and 3 respectively as shown by the 

dendrogram from left to right. A total of 366 lines had 

private alleles with most of these found in population 3. 

Population 3 (J lines) had high heterozygosity levels of 0.8 
compared to other populations. 

 

 

 
 

Figure 2. A graph showing the ad hoc statistic for Δk computed 
for k varying from 1 to 10 from which the best k was selected 

 

 
 
Figure 1. Dendrogram showing relationships among the 372 maize lines 
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Figure 3. Bar plot of model-based quantitative clustering showing proportion of genome of individual line for 372 maize lines at k=3 
used for genetic diversity studies with 116 SNP markers 
 

 
 
Figure 4. Silhouette plot shows that three groups are possible according to R software 
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Figure 5. Hierarchical clustering showing nine groups and twenty possible sub-clusters 
 
 

 

 
 
Figure 6. AMOVA is shown as percentages among and within 
372 maize lines 
 

 
 

Figure 7. AMOVA is shown as percentages among and within J 
lines

 
 
 

 
 
Figure 8. Allelic patterns between J lines and tester line populations 
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Figure 9. Allelic patterns across three populations 

 
 
 

Discussion 

In this work, the 116 SNP markers used were effective 

in discriminating the 372 inbred lines or accessions. The 

gene diversity (GD) also known as expected heterozygosity 

(He) and PIC values are both measures of genetic diversity 
among genotypes in breeding populations as they indicate 

usefulness of markers for linkage analysis. The average 

expected heterozygosity of 0.453 observed in this study 

indicated substantial diversity in the population and were 

similar to GD values of >0.45 recorded by Zhang et al. 

(2016) where they genotyped 362 maize inbred lines using 

56,110 SNP markers. The high level of heterozygosity 

observed in the current population was expected because 

these were S1 or F3 population which had just gone through 

one generation of self-pollination. The average PIC of 0.4 

recorded in this study was higher than the value of 0.256 
recorded by Dao et al. (2014) in the genotypic study of 100 

maize inbred lines using 1057 informative SNP markers. 

The overall He values were slightly higher than PIC which 

is expected since PIC values will always be smaller than 

He values (Shete et al. 2000). According to Botstein et al. 

(1980) markers with a PIC value >0.5 are considered to be 

highly informative, 0.25 to 0.5 moderately informative and 

less than 0.25 slightly informative. Therefore, SNP markers 

used in the study were informative and effective in 

discriminating maize genotypes because 80% of the 

markers had PIC value > 0.25 and can be recommended for 

future genetic diversity studies. The high PIC values can be 
attributed to high average allele number per marker of three 

recorded. Presence of duplications indicates level of 

homozygosity and results from current study were expected 

as more duplication was observed in standard lines than in 

J lines where there is a lot of segregation still going on. 

Population structure is informative in understanding 

genetic diversity and in this study STRUCTURE results 

(optimal K=3) and the UPMGA cluster analysis divided the 

372 lines into three sub-populations. Boakyewaa et al. 

(2019) also noted three subpopulations (K=3) within 94 

inbred lines using 15,047 SNP markers. Moreover, 
Silhouette plot from R software also shows three sub-

populations, showing average genetic distances (GD) for 

each sub-population as 0.13, 0.35 and 0.33 for sub-

populations 3, 2 and 1 respectively meaning that the lines 

in sub-population 3 were closely related.  Sub-population 1 

and 2 contained few J lines, 1.34% and 0.54% respectively, 

while the standard lines were all clustered together with 

most of the J lines in sub-population 3 constituting 98.12% 

of total accessions. These suggest that the landrace 

population and standard lines may be coming from the 

same gene pool considering the background that it was an 

open-pollinated variety kept by the farmer for more than 
ten years.  The allelic patterns and genetic diversity indices 

provided insight into diversity within each of the 

subpopulations. Expected heterozygosity was higher in 

sub-population 3 compared to 1 and  2 meaning that sub-

population 3 was more diverse. 

The AMOVA revealed molecular variation of 22% 

within and 78% among the 372 inbred lines. The 

magnitude of variation between populations was higher 

than findings reported by Nyaligwa et al. (2015) in their 

study of 79 elite lines using SSR markers.  Allelic patterns 

across these three populations show the presence of private 
alleles and implication for breeding is that the private 

alleles are an indication of new genes that could be crucial 

in stress tolerance. It was therefore prudent to do an 

analysis between the standard lines and the J lines in order 

to illustrate where the unique genes might be, the AMOVA 

observed greater variation within (90%) accessions than 

between (10%) them and this was similar to the findings 

reported by Nda et al. (2016). Allelic patterns of the 

populations revealed that the J lines had private alleles 

meaning they have unique genes. These private alleles can 

be linked to the 10% molecular variation observed between 

the two populations. This could be attributed to adaptation 
of the “Redcore" landrace to drought, heat stress, and low 

N conditions. High levels of heterozygosity were also 

observed implying the presence of substantial genetic 

diversity that breeders can explore. The allelic patterns of 

the populations revealed private alleles in the J lines 

suggesting the presence of new genes that may be 

contributing to drought and heat tolerance. Aci et al (2018) 

also noted presence of unique alleles in 47 maize landrace 

populations, thus the landrace populations represent a 

valuable resource for genetic improvement of elite maize 

germplasm which lacks alleles for abiotic stress tolerance. 
Hierarchical structure further divided sub-population 2 

and 3 into 9 sub-clusters indicating a high level of 

diversity. Zhang et al. (2016) and Giordani et al. (2019) 

also noted sub-clusters in their studies.  Furthermore, there 

were variations within the sub-clusters, such as the sub-

cluster with J104-2, J113-3 and J114-3. Implication for 

breeding is that a breeder with limited resources may 
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choose to select just one line from each sub-cluster for 

testing. The study was able to place some of the J lines into 

heterotic groups because all the standard lines included in 

this study belong to known regional heterotic groups. They 

were intentionally included in genotyping in order to 

establish if the J lines derived from an open-pollinated 

variety population would align with any of these known 

regional heterotic groups. Indeed some of the J lines such 

as J30_3, J393_4, J393_3, and J393_1 were in the same 

cluster with CIMMYT’s tester lines CML444 and CML312 
which belong to CIMMYT heterotic group B. However, the 

majority of the J lines (343 lines) were not aligned with any 

of the tester lines as they were placed in different clusters. 

This implies that the J lines can be crossed with most of the 

tester lines to determine their hybrid potential. 

The results revealed the potential of tropical maize 

landraces as a worthy source of genetic variation in maize 

improvement similar to findings by Nelimor et al. (2019) 

when he investigated diversity among 196 maize landraces. 

Huge genetic diversity was observed among the J maize 

inbred lines derived from the “Redcore” landrace 
population and similar results were observed by Belalia et 

al (2018) when they genotyped landrace populations, 

therefore a worthy source of genetic variation. The 

implication for breeding is that lines from the landrace 

population can be used in breeding programs and variations 

between groups and within groups of the J lines can result 

in heterosis essential in hybrid development. In addition, 

the lines can be further assessed to determine their breeding 

value by evaluating their testcross performance in 

combination with elite single crosses and inbred lines.  

In conclusion, the SNP markers used in the study were 
informative and effective in categorizing the inbred lines. 

Population structure analysis revealed three subpopulations 

(K=3) within the 372 inbred lines. High genetic distances 

obtained among the paired inbred lines showed existence of 

variability of the landrace-derived J lines that can be 

exploited for development of hybrids. The uniqueness of J 

lines and their inclination towards standard lines from the 

breeding programs in the region was also revealed 

suggesting that the landraces derived lines and standard 

lines may have come from the same gene pool, this has 

implications for integration of the J lines in the programs. 

Duplications were observed in standard lines and not in  J 
lines as expected due to levels of heterozygosity. A few J 

lines such as J30_3, J393_4, J393_3, and J393_1 belong to 

CIMMYT heterotic group B. The other J lines can also be 

used to broaden the existing heterotic groups used in the 

region. 
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