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nnual teosinte (Zea mays ssp. mexi-
cana) was introduced to Egypt in 

the last century but never gained wide 
importance as a summer fodder because of 
difficult in seed production and relatively 
slow early growth (Radwan et al., 2000). 
Teosinte has special merits over fodder 
maize including multiple cutting, high 
nutritive value and ease of production. 
Teosinte differs from corn by abundant 
tillering which results in tufted plants, and 
the ability to recover and produce new 
growth from the crown buds after cutting 
(Kellogy and Birchler, 1993; Rammah, 
1995). Hand-crossing studies demon-
strated that Z. mays ssp. mexicana and 
maize exhibit genetically based cross-
incompatibility (Baltazar et al., 2005). 
Unusually, the flow of genes has occurred 
in both directions (reciprocal introgres-
sion) (Wilkes, 1977) although a number of 
factors tend to favor gene flow from 
teosinte to maize rather than from maize 
to teosinte (Baltazar et al., 2005). There is 
also evidence of a restriction to cross abil-
ity in some populations of maize x 
teosinte when teosinte is the female and 
maize the male parent and this has been 
linked to a teosinte gene or gene cluster 
known as teosinte crossing barrier1 (Tcb1) 

(Evans and Kermicle, 2001). The incom-
patibility is asymmetric, being very strong 
when maize is the pollen parent, but 
weaker when teosinte is the pollen parent 
(Baltazar et al., 2005; Kermicle and Ev-
ans, 2005). Maize-Teosinte hybrids have 
been of considerable interest to both 
maize and teosinte breeders. The close 
genetic relationship between the two sub-
species has stimulated interest in enriching 
the gene pool of maize with useful genes 
from maize. Likewise, maize-teosinte or 
teosinte-maize hybrids have also received 
attention for enhancing the fodder produc-
tion potential of teosinte by taking advan-
tage of hybrid vigor shown by the hybrids. 

Hybrids of ssp. mays x ssp. mexi-
cana have statistically significant hetero-
sis compared to the wild teosinte but not 
when compared to the cultivated parent 
(Guadagnuolo et al., 2006). Genetic dis-
tance GD among the germplasm lines has 
been quantified by means of morphologi-
cal, biochemical and molecular analyses 
and by means of heterosis (Menkir et al., 
2004; Laborda et al., 2005). The degree of 
heterotic effect of F1 populations corre-
lated with GD of the parental lines, as 
parents are more divergent, the heterosis is 
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higher and vice-versa (Prasad and Singh, 
1986). 

Cultivated maize derived from 
teosinte and their morphological differ-
ences resulted from human selection in the 
process of domestication (Matsuoka et al., 
2002; Doebley, 2004). Despite being one 
of the cultivated species with greater ge-
netic diversity, molecular analysis of the 
maize genome suggests that a single do-
mestication event reduced diversity when 
compared with teosinte (Vigouroux et al., 
2002; Warburton et al., 2008). Most maize 
commercial varieties in the world has lim-
ited genetic diversity, whereas today the 
germplasm base in maize breeding pro-
grams is relatively narrow (Tarter et al., 
2004). 

With the development of molecular 
marker techniques, DNA polymorphisms 
have been used as markers to measure 
genetic diversity in many plant species. 
Some scientists have been trying to pre-
dict yield heterosis on the molecular level. 
The relationship between molecular 
marker distance and heterosis remains 
unclear. Some of the reports state signifi-
cant association (Lanza et al., 1997; Amo-
rim et al., 2006; Srdic et al., 2007) 
whereas, the others state non-significant 
or no association between markers based 
GD and heterosis (Shieh and Thseng, 
2002; Legesse et al., 2008; Devi and 
Singh, 2011).  

Molecular markers allow a direct 
comparison of the similarity of genotypes 
at the DNA level. Restriction fragment 
length polymorphisms (RFLPs; Botstein 

et al., 1980) have been used quite exten-
sively for this purpose. However, RFLP 
assays are labor intensive and time con-
suming and, therefore, increasingly substi-
tuted by other marker techniques such as 
randomly amplified polymorphic DNA 
(RAPDs; Williams et al., 1990), Ampli-
fied fragment length polymorphism, 
(AFLPs; Zabeau and Vos, 1993), and 
simple sequence repeats (SSRs; Tautz, 
1989). RAPDs marker has been used to 
investigate GD across the diverse species 
including segregating lines of maize 
(Ajmone-Marsan et al., 1993), to predict 
the best crosses among lines for hybrid 
development (Lanza et al., 1997) and to 
assess genetic diversity among maize col-
lections (Moeller and Schaal, 1999).  

Study of genetic diversity is the 
process by which variation among indi-
viduals or group of individuals or popula-
tions is analyzed by a specific method or a 
combination of methods. Maize breeders 
frequently use genetic diversity evaluation 
as an alternative method for germplasm 
selection. The objectives of this study 
were to estimate the variation of teosinte, 
maize parents and its hybrids for mean 
performance and degree of divergence, to 
assess the correlation of morphological 
genetic distance (GDmor) with mean per-
formance and to predict the best crosses 
among most distant hybrids selected from 
morphological clusters by RAPD molecu-
lar marker. 

MATERIALS AND METHODS 

A local ecotype of teosinte (Zea 
mays spp. mexicana) and eight different 
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maize genotypes (Zea mays L.) including 
three inbred lines, two single crosses, 
one three- way cross and two composite 
populations were used in this investigation 
(Table 1). The maize genotypes were 
kindly furnished by the Department of 
Maize Research, Agricultural Research 
Center, Giza, Egypt. 

This investigation was carried out 
at Giza Agricultural Research Station, 
ARC, during 2006, 2007 and 2008 sum-
mer seasons. Crosses of a local teosinte 
with eight different maize genotypes used 
to produce eight hybrids and their eight 
reciprocal hybrids during 2006 season. 
The parents and their hybrids were sown 
in the field during 2007 and 2008 seasons 
using randomized complete block design 
with three replications. Each parent, hy-
brids and its reciprocal hybrids were 
grown in a plot represented by three 
ridges. Each ridge was 4 m long and 60 
cm wide with single-plant hills spaced 20 
cm apart (20 plants ridge-1). Hills were 
over seeded then thinned to one plant/hill 
after complete emergence. 

The morphological traits of the 
parents and their hybrids were measured 
on ten randomly selected plants in the 
field such as plant height (cm), number of 
basal tillers plant-1, stem diameter (cm) at 
the third internodes above soil, length and 
width of the fourth basal leaf (cm), fourth 
leaf area (cm2) estimated according to 
Stickler et al. (1961), leafiness % = (leaf 
weight)/ (leaf + stem weights)*100 on dry 
basis estimated from a random sub- sam-
ple of stem, dry weight plant-1 (g) and 

crude protein (%) according to A.O.A.C. 
(1980). Data of the two seasons combined 
after homogeneity of variance estimation 
using Bartlett test according to Gomez and 
Gomez (1984). 

Assessment of genetic distance 

The mean performance of growth 
characters, forage yield and quality traits 
of single plants at the first cut (60-days) 
over two seasons were considered in the 
analysis. Genetic distance was calculated 
to measure genetic diversity among nine 
parents, nine parents with 8 hybrids and 8 
reciprocal hybrids using NTSYSpc soft-
ware, version 2.0 (Rohlf, 1997). The clus-
ter analysis was based on Nei's values 
(Nei, 1972) using the unweighted pair-
group method with arithmetical average 
(UPGMA) and the relationships among 
them were visualized using a dendrogram. 

The genomic DNA was isolated 
from leaf tissues of 4-week old seedlings 
from each teosinte, maize genotypes SC 
10 and TWC 310, its 2 hybrids and 2 re-
ciprocal hybrids using Dellaporta protocol 
(Dellaporta et al., 1983). 

RAPD amplification 

Ten primers, OPA 11-20 (Operon 
Technologies Inc.) and six primers, 
Ready-To-Go RAPD Primers (Amersham 
Biosciences) used for PCR amplification 
(Table 2) according to Williams et al. 
(1993). Polymerase chain reaction (PCR) 
was performed in a volume of 25 μL con-
taining 100 mM of Tris-Hcl pH 8.8, 50 
mM KCl, 0.01% Triton X-100, 1.14 mM 
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MgCl2, 0.175 mM of each dNTP, 0.5 μM 
primer, 25 ng of genomic DNA and 1 unit 
of Taq DNA polymerase. DNA amplifica-
tion was performed in a DNA Thermal 
cycler UNO II (Biometra) programmed 
for an initial denaturation step of 5 min at 
95°C, then 40 cycles at 95°C (1 min), 
36°C (1 min), 72°C (2 min) for denatura-
tion, primer annealing and primer exten-
sion, respectively, and a final primer ex-
tension at 72°C for 7 min. Amplified 
products were analyzed by electrophoresis 
in 1.5% agarose gels with 5 ng/ml 
ethidium bromide and photographed on a 
UV transillumenator. 

RAPD analysis 

RAPD fragments for each primer 
were scored as 0 for absent or 1 for pres-
ence in each parent, hybrids and reciprocal 
hybrids. The data was obtained only from 
seven polymorphic primers that produced 
reproducible and informative marker pat-
terns. This data was transformed into a 
binary matrix. Genetic distance, cluster 
analysis and dendrogram of 3 parents with 
2 hybrids and 2 reciprocal hybrids were 
constructed using NTSYSpc software as a 
measure of genetic distance from each 
primer independently. 

RESULTS AND DISCUSSION 

Mean performance of teosinte, maize and 
their hybrids 

The mean performance and ranges 
of teosinte, maize parents, hybrids (maize 
x Teosinte) and reciprocal hybrids 
(teosinte x maize) are given in Table (3). 

Teosinte showed the lowest values for all 
traits except tillers plant-1, leafiness and 
crude protein percentage, which gave the 
highest values (10.68, 92.43 and 19.48, 
respectively). On the other hand, maize 
parent followed the opposite trend which 
gave the lowest values for tillers plant-1, 
leafiness and crude protein percentage 
(1.0, 47.19 and 13.55, respectively). Their 
hybrids exhibited substantial improvement 
over teosinte and the average of increases 
reached to 63.61, 52.11, 8.86, 38.36, 51.75 
and 115.68% for plant height, stem diame-
ter, leaf length, leaf width, leaf area and 
dry weight, respectively. On the other 
hand, no increases were records for tillers 
plant-1, leafiness and crude protein per-
centage. The reciprocal hybrids showed 
greater increases over teosinte than the 
hybrids in all traits except crude protein 
percentage. These results are in agreement 
with Radwan et al. (2000). 

Correlation coefficients between 
GDmor of teosinte with maize parents and 
mean performance of morphological traits 
were calculated in maize parents, hybrids 
and their reciprocal (Table 4). The results 
showed that maize parents had highly sig-
nificant positive correlation between 
GDmor with all traits except tillers plant-1, 
leafiness and crude protein percentage, but 
hybrids had highly significant positive 
correlations between GDmor with dry 
weight only. Reciprocal hybrids showed 
highly significant positive correlation in 
plant height, stem diameter and highly 
significant negative correlation with leafi-
ness. GDmor had highly significant positive 
correlation with plant height of maize par-
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ents and reciprocal hybrids with values 
0.968 and 0.908, respectively. These re-
sults corroborate with previous studies 
(Lee et al., 2007; Devi and Singh, 2011). 
The ability to predict heterosis levels us-
ing genetic distance between the parents 
varied for the different traits. For some 
traits, it was possible to explain a signifi-
cant proportion of the heterosis variation 
while other traits were difficult to predict 
(Flint-Garcia et al., 2009). Knowledge 
about germplasm diversity and genetic 
relationships among breeding materials 
could be valuable aid in crop improve-
ment strategies. A number of methods are 
currently available for analysis of genetic 
diversity in germplasm accessions, breed-
ing lines and populations. These methods 
have relied on pedigree data, morphologi-
cal data, agronomic performance data, 
biochemical and molecular (DNA-based) 
data.  

Morphological performance cluster 
analysis 

The dendrogram, which represent 
the phylogenetic relationships of parents, 
parents pooled with each hybrid and recip-
rocal hybrid are given in Fig. (1). The 
dendrogram separated parents into two 
main clusters (Fig. 1a). Teosinte was most 
distant in the first cluster and the second 
cluster has been less distance, which con-
sisted of all maize parents. These results 
revealed the highly diversity between 
maize and teosinte. The dendrogram of 
pooled parents with hybrids revealed two 
main clusters (Fig. 1b). The first one was 
most distant, which include teosinte and 

all hybrids and the second included all 
maize parents. The first cluster had two 
sub clusters, teosinte in the first sub clus-
ter and all hybrids in the second. These 
results showed high diversity between 
teosinte and each of maize parents and 
hybrids although the hybrids closely re-
lated with teosinte in monophyletic clus-
ter. The dendrogram of pooled parents 
with reciprocal hybrids revealed that the 
two main clusters were less distant (Fig. 
1c). The first cluster consists of teosinte, 
all maize parents and one hybrid (teosinte 
x SC 10). The second cluster included 
seven hybrids, which were divided into 
two sub clusters. The first sub cluster in-
cluded six hybrids and the second sub 
cluster included one hybrid (teosinte x 
TWC 310). High diversity between recip-
rocal hybrids and all parents (teosinte and 
maize) except one hybrid (teosinte x SC 
10) that is closely related with teosinte in 
the same monophyletic cluster with maize 
parents was observed. 

The hybrids (maize x teosinte) 
closely related with teosinte whereas, the 
reciprocal hybrids (teosinte x maize) devi-
ated from teosinte and closely related with 
maize. These results agree with Wang et 
al. (2008), who generated F1 hybrids by 
using Z. mays ssp. mexicana as the female 
parent and cultivated maize inbred line 
Ye515 as the male parent to create new 
maize germplasm. In this study, when 
teosinte was used as male, the diversity 
was clear whereas, teosinte was used as 
female the hybrid (teosinte x SC 10) devi-
ated from teosinte x maize hybrids and 
closely related with teosinte. Although, 
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the SC 10 was ancestor of TWC 310 the 
diversity between their hybrids with 
teosinte differed from reciprocal hybrids. 
Therefore, we used RAPD-PCR to assess 
the diversity among teosinte, SC 10, TWC 
310 and its hybrids at the molecular level. 

RAPD analysis 

Seven random primers out of the 
sixteen primers initially screened gave 
reproducible RAPD patterns and therefore 
were used to quantify the GD and perform 
dendrogram among teosinte, TWC 310, 
SC 10, hybrids and reciprocal hybrids. A 
total of 133 RAPD loci with minimum of 
12 per primer AB-2 (Amersham Biosci-
ence) to maximum of 28 loci per primer 
OPA-14 (Operon Technologies Inc.) were 
amplified (Fig. 2). Of these, 132 loci were 
polymorphic whereas one was monomor-
phic. 

The level of polymorphism 
(99.25%) obtained was higher than in 
some maize studies, such as Lanza et al. 
(1997) and Bruel et al. (2006) who ob-
tained 80.6% and 84.44%, respectively of 
polymorphism studying genetic diver-
gence between inbred lines using RAPD 
markers. The level of polymorphism ob-
tained depends on the degree of diver-
gence between the genotypes under study. 

The RAPD markers successfully 
grouped parents and its hybrids into two 
main clusters based on the dendrogram 
(Fig. 3), the first cluster was the most dis-
tant and the second less distant. The first 
cluster consisted of two maize parents 
(TWC 310 and SC 10) and two hybrids 

(teosinte x TWC 310 and TWC 310 x 
teosinte). The second cluster had teosinte 
parent and two hybrids (teosinte x SC 10 
and SC 10 x teosinte). The maize parent 
TWC 310 closely related with hybrid 
(teosinte x TWC 310) whereas, the hybrid 
(teosinte x SC 10) closely related with the 
hybrid (SC 10 x teosinte). The phyloge-
netic relationship between teosinte and 
two maize parents revealed the high diver-
sity between them based on RAPD mo-
lecular marker. These results from mor-
phological performance and RAPD 
marker are in agreement with isozyme and 
chloroplast DNA analysis (Doebley, 
1990b), which confirmed by microsatellite 
genotyping (Matsuoka et al., 2002) and 
nucleotide diversity (Goloubinoff et al., 
1993; Hilton and Gaut, 1998). They con-
cluded that all maize closed in a single 
monophyletic lineage and teosinte is ex-
tremely diverse. Although the relationship 
between molecular marker distance and 
heterosis remains unclear, RAPD molecu-
lar marker could be used as a tool for de-
termining the extent of genetic diversity 
among maize genotypes (Liu et al. 1997; 
Lanza, 1997) and its relatives and progeni-
tors (Asif et al., 2006). 

This study indicated possibility of 
using mean performance to estimate the 
diversity of teosinte, maize and its hy-
brids. In addition, the teosinte improve-
ment may be generated by using the maize 
genotype TWC 310. 

SUMMARY 

A local ecotype of teosinte (Zea 
mays ssp. mexicana), eight different maize 
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genotypes (Zea mays L.), their hybrids 
and reciprocal hybrids were used to esti-
mate the variation of mean performance 
among them, assess the correlation of 
morphological genetic distance with mean 
performance and predict the best crosses 
from the most distant hybrids for teosinte 
improvement. The obtained data revealed 
that parental mean performance differed 
from hybrids performance. The hybrids 
and reciprocal hybrids exhibited substan-
tial improvement over teosinte. Correla-
tion coefficients between morphological 
genetic distant (GDmor) of teosinte with 
maize parents and mean performance of 
the morphological traits showed that 
maize parents had highly significant posi-
tive correlation between GDmor with all 
traits except tillers plant-1, leafiness and 
crude protein percentage, but maize x 
teosinte hybrids had highly significant 
positive correlations between GDmor with 
dry weight only. Teosinte x maize hybrids 
(reciprocal) showed highly significant 
positive correlation in plant height, stem 
diameter and highly significant negative 
correlation with leafiness. 

Cluster analysis based on mean 
performance of morphological traits dis-
played a clear separation of the teosinte, 
maize parents, their hybrids and recipro-
cal. When teosinte was used as male par-
ent, the hybrids were closely related with 
teosinte while, teosinte x SC 10 hybrid 
and maize parents were closely related 
with teosinte when teosinte was used as 
female parent. Although the SC 10 maize 
parent is ancestor of TWC 310 maize par-

ent, high diversity between teosinte x SC 
10 and teosinte x TWC 310 was estab-
lished. The cluster analysis of RAPD 
marker showed that teosinte was most 
distant with either teosinte x TWC 310 
hybrid or TWC 310 x teosinte hybrid.  
Therefore, the maize genotype TWC 310 
could be used as a promising genotype for 
teosinte improvement. 

REFERENCES 

A. O. A. C. (1980). Association of Offi-
cial Agricultural Chemists Official 
Methods of Analysis 13th Ed. 
Washington, DC., USA. 

Ajmone-Marsan, P., G. Egidy, G. Mon-
fredini, S. di Silvestro and M. 
Motto (1993). RAPD markers in 
maize genetic analysis. Maydica, 
38: 259-264. 

Amorim, E. P., V. B. O. Amorim, J. B. 
dos Santos, A. P. de Souza and J. 
C. de Souza (2006). Genetic dis-
tance based on SSR and grain yield 
of inter- and intra-populational 
maize single cross hybrids. May-
dica, 51: 507-513. 

Asif, M., M. Ur-Rahman and Y. Zafar 
(2006). Genotyping analysis of six 
maize (Zea mays L.) hybrids using 
DNA fingerprinting technology. 
Pak. J. Bot., 38: 1425-1430. 

Baltazar, B. M., J. de Jesus Sanchez-
Gonzalez, L. Cruz-Larios and J. B. 
Schoper (2005). Pollination be-



WAFAA M. SHARAWY et al. 136 

tween maize and teosinte: an im-
portant determinant of gene flow in 
Mexico. Theor. Appl. Genet., 110: 
519-526. 

Botstein, D., R. L. White, M. Skolnick 
and R. W. Davis (1980). Construc-
tion of a genetic linkage map in 
man using restriction fragment 
length polymorphisms. Am. J. 
Hum. Genet., 32: 314-331. 

Bruel, D. C., V. Carpentieri-Pipolo, A. C. 
Gerage, N. F. Junior, C. E. C. 
Prete, C. F. Ruas, P. M. Ruas, S. G. 
H. de Souza and D. D. Garbuglio 
(2006). Genetic distance estimated 
by RAPD markers and its relation-
ship with hybrid performance in 
maize. Pesq Agropec Bras, Brasi-
lia, 41: 1491-1498. 

Dellaporta, S. L., J. Wood and J. B. Hicks 
(1983). A Plant DNA Miniprepara-
tion: Version II. Plant Molecular 
Biology Reporter, 1: 19-21. 

Devi, P. and N. K. Singh (2011). Hetero-
sis, molecular diversity, combining 
ability and their interrelationships 
in short duration maize (Zea mays 
L.) across the environments. 
Euphytica, 178: 71-81. 

Doebley, J. F. (1990). Molecular evidence 
and the evolution of maize. Econ. 
Bot., 44 (3 Suppl.): 6-27. 

Doebley, J. F. (2004). The genetics of 
maize evolution. Annu. Rev. 
Genet., 38: 37-59. 

Evans, M. M. S. and J. L. Kermicle 
(2001). Teosinte crossing barrier1, 
a locus governing hybridization of 
teosinte with maize. Theor. Appl. 
Genet., 103: 259-265. 

Flint-Garcia, S. A., E. S. Buckler, P. Tif-
fin, E. Ersoz and N. M. Springer 
(2009). Heterosis is prevalent for 
multiple traits in diverse maize 
germplasm. PLoS ONE, 4: 1-11. 

Goloubinoff, P., S. Paabo and A. C. Wil-
son (1993). Evolution of maize in-
ferred from sequence diversity of 
an Adh2 gene Annu. Rev segment 
from archaeological specimens. 
Proc. Natl. Acad. Sci., USA, 90: 
1997-2001. 

Gomez, K. A. and A. A. Gomez (1984). 
Statistical procedures for agricul-
ture research 2nd Ed. John Willy& 
Sons Inc., New York, USA. p. 95-
109. 

Guadagnuolo, R., J. Clegg and N. C. Ell-
strand (2006). Relative fitness of 
transgenic vs. non-transgenic 
maize x teosinte hybrids: a field 
evaluation. Ecological Applica-
tions, 16: 1967-1974. 

Hilton, H. and B. S. Gaut (1998). Speci-
ation and domestication in maize 
and its wild relatives: evidence 
from the globulin1 gene. Genetics, 
150: 863-872. 

Kellogy, E. A. and J. A. Birchler (1993). 
Linking phylogeny and genetics: 



PHYLOGENETIC AMONG TEOSINTE, MAIZE AND ITS HYBRIDS 137 

zea mays as a tool for phylogenetic 
studies. Syst. Biol., 42: 415-439. 

Kermicle, J. L. and M. M. S. Evans 
(2005). Pollen-pistil barriers to 
crossing in maize and teosinte re-
sult from incongruity rather than 
active rejection. Sex Plant Report, 
18: 187-194. 

Laborda, P. R., K. M. Oliveira, A. A. F. 
Garcia, M. E. A. Paterniani and A. 
P. de Souza (2005). Tropical maize 
germplasm: what can we say about 
its genetic diversity in the light of 
molecular markers?. Theor. Appl. 
Genet., 111: 1288-1299. 

Lanza, L. L. B., C. L. de Souza Jr, L. M. 
M. Ottoboni, M. L. C. Vieira and 
A. P. de Souza (1997). Genetic dis-
tance of inbred lines and prediction 
of maize single cross performance 
using RAPD markers. Theor. Appl. 
Genet., 94: 1023-1030. 

Lee, E. A., M. J. Ash and B. Good (2007). 
Re-examining the relationship be-
tween degree of relatedness, ge-
netic effects and heterosis in maize. 
Crop Sci., 47: 629-635. 

Legesse, B. W., A. A. Myberg, K. V. Pix-
ley and A. M. Twumasi-Afriyie 
Botha (2008). Relationship be-
tween hybrid performance and 
AFLP based genetic distance in 
highland maize inbred lines. 
Euphytica, 162: 313-323. 

Liu, X. Z., Z. B. Peng, J. H. Fu, L. C. Li 
and C. L. Huang (1997). Heterotic 
grouping of 15 maize inbreds with 
RAPD markers. Scientia Agricul-
tura Sinica, 30: 44-51. 

Matsuoka, Y., Y. Vigouroux, M. M. 
Goodman, J. Sanchez, E. S. Buck-
ler and J. F. Doebley (2002). A 
single domestication for maize 
shown by multilocus microsatellite 
genotyping. Maydica, 38: 259-264. 

Menkir, A., A. Melake-Berhan, C. The, I. 
Ingelbrecht and A. Adepoju 
(2004). Grouping of tropical mid-
altitude maize inbred lines on the 
basis of yield data and molecular 
markers. Theor. Appl. Genet., 108: 
1582-1590. 

Moeller, D. A. and B. A. Schaal (1999). 
Genetic relationships among Na-
tive American maize accessions of 
the Great Plains assessed by 
RAPDs. Theor. Appl. Genet., 99: 
1061-1067. 

Nei, M. (1972). Genetic distance between 
populations. Am. Nat., 106: 283-
292. 

Prasad, S. K. and T. P. Singh (1986). Het-
erosis in relation to genetic diver-
gence in maize (Zea mays L.). 
Euphytica, 35: 919-924. 

Radwan, M. S., R. S. Taha, A. M. Ram-
mah and H. L. Ibrahim (2000). A 
study of variation and combining 
ability among exotic and local 



WAFAA M. SHARAWY et al. 138 

teosinte accessions. Egypt. J. Plant 
Breed., 4: 189-200.  

Rammah, A. M. (1995). Cultivated sum-
mer forage crops. ARC, Bulletin in 
Arabic. p. 4-7. 

Rohlf, F. J. (1997). NTSYS-pc numerical 
taxonomy and multivariate analysis 
system, version 2.0. Exeter Publi-
cations, New York. 

Shieh, G. J. and F. S. Thseng (2002). Ge-
netic diversity of Tainan-white 
maize inbred lines and prediction 
of single cross hybrid perform-
ances using RAPD markers. 
Euphytica, 124: 307-313. 

Srdic, J., S. Miladenovic-Drinic, Z. Pajic 
and M. Filipovic (2007). Charac-
terization of maize inbred lines 
based on molecular markers, het-
erosis and pedigree data. Genetika, 
39: 355-363. 

Stickler, F. C., S. Weaden and A. W. Pauli 
(1961). Leaf area determination in 
grain sorghum. Agron. J., 53: 187-
188. 

Tarter, J. A., M. M. Goodman and J. B. 
Holland (2004). Recovery of exotic 
alleles in semiexotic maize inbreds 
derived from crosses between Latin 
American accessions and a temper-
ate line. Theor. Appl. Genet., l09: 
609-617. 

Tautz, D. (1989). Hypervariability of sim-
ple sequences as a general source 

of polymorphic DNA markers. Nu-
cleic Acids Res., 17: 6463-6471. 

Vigouroux, Y., M. McMullen, C. T. Hit-
tinger, K. Houchins, L. Schulz, S. 
Kresovich, Y. Matsuoka and J. F. 
Doebley (2002). Identifying genes 
of agronomic importance in maize 
by screening microsatellites for 
evidence of selection during do-
mestication. Proceedings of the Na-
tional Academy of Sciences of the 
United States of America, 99: 
9650-9655.  

Wang, L., A. Yang, C. He, M. Qu and J. 
Zhang (2008). Creation of new 
maize germplasm using alien in-
trogression from Zea mays ssp. 
mexicana. Euphytica, 164: 789-
801. 

Warburton, M. L., J. C. Reif, M. Frisch, 
M. Bohn, C. Bedoya, X. C. Xia, J. 
Crossa, J. Franco, D. Hoisington, 
K. Pixley, S. Taba and A. E. 
Melchinger (2008). Genetic diver-
sity in CIMMYT nontemperate 
maize germplasm: landraces open 
pollinated varieties, and inbred 
lines. Crop Sci., 48: 617-624. 

Wilkes, H. G. (1977). Hybridization of 
maize and teosinte, in Mexico and 
Guatemala and the improvement of 
maize. Economic Botany, 31: 254-
293. 

Williams, J. G. K., M. K. Hanafey, J. A. 
Rafalski and S. V. Tingey (1993). 
Genetic analysis using random am-



PHYLOGENETIC AMONG TEOSINTE, MAIZE AND ITS HYBRIDS 139 

plified polymorphic DNA markers. 
Meth. Enzymol., 218: 704-740.  

Williams, J. K. F., A. R. Kubelik, K. G. 
Livak, J. A. Rafalki and S. V. Tin-
gey (1990). DNA polymorphisms 
amplified by arbitrary primers are 
useful as genetic markers. Nucleic 

Acids Res., 18: 653-655. 

Zabeau, M. and P. Vos (1993). Selective 
restriction fragment amplification: 
A general method for DNA finger-
printing. European Patent Applica-
tion number 92402629.7. 

 
 
 

Table (1): Teosinte and maize parental genotypes, its pedigree and origin. 

Genotype Sub-species Pedigree Origin 
Local teosinte 
Inbred line 6 
Inbred line170 
Inbred line171 
SC 10 
SC 129 
TWC 310 
Giza 2 
Laposta 

Mexicana 
Mays 
Mays 
Mays 
Mays 
Mays 
Mays 
Mays 
Mays 

Damietta District 
Rg-15 g.s. (Syn. Laposta x Ci 64) (S.C.14) 
C.M.103 
C.M.104 
(Sd 7 x Sd 63) 
(Gz 612 x Gz 628) 
(SC 10 x Sd 34) 
A composite population 
A composite population 

Egypt 
Egypt 
India 
India 
Egypt 
Egypt 
Egypt 
Egypt 
CIMMYT 

 
 

Table (2): Primers used for RAPD analysis. 

Operon Technologies Inc. Amersham Biosciences 

Primer Sequence Primer Sequence 

OPA-11 
OPA-12 
OPA-13 
OPA-14 
OPA-15 
OPA-16 
OPA-17 
OPA-18 
OPA-19 
OPA-20 

5'-CAATCGCCGT-3' 
5'-TCGGCGATAG-3' 
5'-CAGCACCCAC-3' 
5'-TCTGTGCTGG-3' 
5'-TTCCGAACCC-3' 
5'-AGCCAGCGAA-3' 
5'-GACCGCTTGT-3' 
5'-AGGTGACCGT-3' 
5'-CAAACGTCGG-3' 
5'-GTTGCGATCC-3' 

AB-1 
AB-2 
AB-3 
AB-4 
AB-5 
AB-6 

5'-GGTGCGGGAA-3' 
5'-GTTTCGCTCC-3' 
5'-GTAGACCCGT-3' 
5'-AAGAGCCCGT-3' 
5'-AACGCGCAAC-3' 
5'-CCCGTCAGCA-3' 
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Table (3): The range and mean performance ± standard error of teosinte, maize parents and its hybrids for the studied traits over two seasons. 

Maize Parents 
Maize x Teosinte 

(hybrids) 
Teosinte x Maize 

(Reciprocal hybrids)  
Trait 

Te
os

in
te

 

Mean ± SE 
Range 

Min.          Max. 
Mean ± SE 

Range 
Min.          Max. 

Mean ± SE 
Range 

Min.           Max. 

Plant height (cm) 
Tillers plant-1 
Stem diameter (cm) 
Leaf length 
Leaf width 
Leaf area (cm2) 
leafiness 
Dry weight (g)  
Crude protein (%) 

66.28 
10.68 
1.90 

81.47 
4.38 

266.18 
92.43 
90.07 
19.48 

132.03 ± 3.42 
1.00 ± 0.00 
2.37 ± 0.06 

85.12 ±1.50 
6.13 ± 0.14 

396.27 ± 14.52 
47.19 ±0.75 
98.94 ± 3.82 
13.55 ± 0.13 

89.80 
1.00 
1.90 

73.00 
4.40 

239.95 
42.30 
57.25 
12.15 

179.92 
1.00 
2.85 

96.05 
7.58 

537.02 
52.85 

138.50 
14.63 

108.44 ± 3.66 
4.11 ± 0.29 
2.89± 0.12 

88.69 ± 2.75 
6.06 ± 0.18 

403.94 ± 21.28 
61.13 ± 0.57 

194.26 ±11.33 
18.24 ± 0.11 

83.33 
3.33 
2.42 

74.33 
4.80 

265.70 
57.03 

160.07 
17.00 

131.80 
4.80 
3.27 

107.13 
6.85 

548.32 
65.80 

234.75 
19.70 

110.86 ± 3.75 
8.24 ± 0.44 
3.17 ± 0.11 

90.91 ± 2.28 
6.46 ±0.15 

439.05 ± 19.47 
70.10 ± 1.01 

335.31 ±15.69 
16.57 ± 0.18 

85.00 
5.80 
2.30 

82.50 
6.00 

381.00 
64.90 
210.6 
14.52 

124.20 
10.10 
3.70 

101.10 
7.60 

530.00 
75.72 

515.10 
18.52 
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Table (4): Phenotypic correlation between genetic distance of teosinte with maize and mean 
performance of maize parents, hybrids and reciprocal hybrids. 

Trait Maize Parents Maize x Teosinte 
(hybrids) 

Teosinte x Maize 
(Reciprocal hybrids) 

Plant height   (cm) 
Tillers plant-1 
Stem diameter (cm) 
Leaf length 
Leaf width 
Leaf area (cm2 ) 
Leafiness 
Dry weight (g)  
Crude protein (%) 

0.968** 
0.000 
0.503** 
0.823** 
0.666** 
0.788** 
0.392 
0.828** 
-0.306 

  0.205 
-0.034 
0.291 
0.358 
0.058 
0.284 
-0.138 

     0.583** 
 0.173 

  0.908** 
-0.262 
  0.700** 
  0.007 
-0.160 
-0.164 
-0.717** 
 0.132 
-0.337 
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Fig. (1): The dendrogram of teosinte, maize parents and its hybrids for 
morphological data using Nei’s distance based on UPGMA 
method: (A) The dendrogram of teosinte and maize parents; 
(B) The dendrogram of parent's genotypes and their hybrids; 
(C) The dendrogram of parent's genotypes and their reciprocal 
hybrids. 
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Fig. (2): RAPD profiles of teosinte, maize 
(TWC 310 and SC 10), hybrids 
and reciprocal hybrids. M: 1kb 
DNA leader; 1: TWC 310; 2: SC 
10; 3: Teosinte x TWC 310; 4: 
TWC 310 x Teosinte; 5: Teosinte 
x SC 10; 6: SC 10 x Teosinte; 7: 
Teosinte. 
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Fig. (3): The dendrogram of teosinte (T), maize (TWC 310 and SC 10), hybrids and recipro-
cal hybrids for RAPD data using Nei’s distance based on UPGMA method. 

 

 

 

 

 




