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Abstract

Black corn is a native variety of this crop, present in the damdl Highlands of Ecuador.
Despite its importance as a functional food, due to its ayénin content with antioxi-
dant and anti-carcinogenetic properties, its usage hakedteto be reduced because of a
widespread preference in farmers and consumers for theoiregryellow corn varieties.
In this research, twenty four S2 lines of black corn were rhotpgically and molecularly
evaluated to determine their diversity level and thus thefential as a source of parents for
future breeding programs, especially aimed to developarieties with high anthocyanin
content. For the molecular evaluation, a set of ten SSR pi@ies, one per chromosome,
was used to amplify microsatellite regions from the cornagee. For the morphological
analysis, seven traits were measured in two vegetativesyaf self pollination. A total
of 43 alleles were revealed for the 10 SSR loci. The numbetleliea per locus ranged
from 2 to 8, with an average of 432.06. The genetic distances ranged from 0.29 to 0.95.
UPGMA analysis grouped the S2 lines in six groups with onelgmgnant group. The
morphological data showed variation especially in plangtie ear insertion height and
leaf length. Endogamy depression was evidenced mainlyléot peight and ear insertion
height. A morphological dendrogram also grouped the 24 &&sliof black corn in six
groups, although they were not the same as in the molecutairagram. It is concluded
that a moderate variability level exists in this collectiand therefore a potential for the
development of new varieties.

Keywords. Zea may4.., black corn, anthocyanins, morphological charactéiora SSRs,
genetic diversity.

Resumen

El maiz negro es una variedad nativa de este cultivo, presenias zonas elevadas de los
Andes ecuatorianos. A pesar de su importancia como un dlinfencional, por su alto
contenido de antocianinas con propiedades antioxidanéesi garcinogénicas, su uso se
ha visto reducido a causa de una preferencia generalizadapedades de maiz amar-
illo mejorado por parte de agricultores y consumidores. €a estudio, 24 lineas S2 de
maiz negro fueron evaluadas morfolégica y molecularmeata geterminar su nivel de
diversidad y por lo tanto su potencial como parentales pagramas de mejoramiento fu-
turos, especialmente aquellos enfocados en el desarelfariedades con alto contenido
de antocianinas. Para la evaluacién molecular, un set dedimers de SSR, uno por cro-
mosoma, fueron usados para amplificar una region de miétiteatdel genoma del maiz.
Para el analisis morfoldgico, siete caracteristicas fuemedidas en dos ciclos vegetativos
de autopolinizacion. Un total de 43 alelos fueron encowsgzhra los 10 loci de SSR. El
ndmero de alelos por locus varié entre 2 y 8, con un promedix3le 2.06. La distancia
genética vari6 entre 0.29 y 0.95. El andlisis UPGMA agrupasdiheas S2 en seis gru-
pos con uno predominante. Los datos morfolégicos mostraanacion, especialmente en
cuanto a la altura de la planta, altura de insercion de egpa®itud de hoja. Se evidencio
depresion endogamica principalmente para altura de pyaaitara de insercién de espiga.
El dendrograma de este analisis, también agrup6 a las 266182 de maiz negro en seis
grupos, aungue no fueron los mismos grupos que los pressnéadel analisis molecular.
Se concluye que existe un nivel moderado de variabilidadstnaleccion y, por lo tanto,
posee potencial para el desarrollo de nuevas variedades.

Palabras Clave. Zea maysL., maiz negro, antocianinas, caracterizaciéon morfolgic
SSRs, diversidad genética.
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Introduction Materials and Methods

Corn (Zea may4..) is part of the group of the mostim-  Plant material

portant cereals in the world. Its importance is related

with the variety of uses in which it is involved, such as  Twenty four black corn S2 lines classified in two groups
human food, animal feed and as a source for industrial were evaluated. GrOUpAconSiSted of six S2 lines whose
products [1]. There are two possible centers of origin of Parents were yellow corn individuals derived from an
this cereal: the highlands of Peru, Ecuador, and Bolivia; inter-population cross between two CIMMYT (Interna-

and the southern Mexico and Central America region tional Maize and Wheat Improvement Center) gene pools,
[2]. pool 5 and pool 6, which segregated black kernels. Pool

) _ ~ 5 HLWF (High Land White Flint) and Pool 6 HLWD
Ip Ecuador, 24 native races of corn have been identi- (High Land White Dent) are populations with a genetic
fied. One of these races is the black corn, also known as base from highland corn germplasm. Group B had eigh-

“grape bunch” [3]. This black corn is characterized by = (een 52 Jines whose parents were collected from EI Quin-
its rounded kernels with red or black pericarp which are -he Ppichincha - Ecuador. The twenty four S2 lines were

tightly grouped giving a grape bunch appearance. The generated and evaluated in the Experimental station of

cob is medium size with a conic shape; ear row num- INIAP-USFQ, in Tumbaco, Pichincha - Ecuador. Two
ber is around eight to fourteen, stem is thin and plant gt hollinations were performed to fix the black kernel

height is short [3]. For centuries, black corn has been ¢qor and as a source of progenitors for the development
used as a colorant for food and beverages in the An- ot ha\y commercial black corn lines and varieties.

des, because of its rich anthocyanin content [4]. Studies
have shown that anthocyanins found in black corn have DNA extraction, PCR amplification and Electrophore-
health benefits, such as antioxidant and antimutagenic sis

properties [5, 6]. Moreover, it has been demonstrated b tfrosh leaf i ¢ dii
that black corn has higher antioxidant content than fresh AP0Ut0-25grams of fresh leaf tissue from corn seedlings

blueberries [7]. Therefore, black corn is considered a were used to extract genomic DNA. Th.e DNA extrac-

potential crop in the functional and nutraceutical food tionwas performe(_j using .CTAB' as prewously described
industry. Due to the growing demand of natural food [20]. Asetof10 Primer pairs, one pair perchromos_ome_,
colorants and functional foods, this type of corn repre- were chosen based on their high PIC value described in

sents a valuable genetic resource from the Ecuadorian@ Previous study [15]. The DNA sequence and genomic
Andean Highlands. position for each primer pair are described in Table 1.

A 10 pL PCR reaction mix contained 20 ng template
Both phenotypic and genetic diversity are necessary to pNA, 0.4 mM dNTPs, 0.2 mM SSR primers (forward
identify promising individuals in order to evaluate and and reverse), 1X reaction buffer, 2mM MgCI2, and 1
utilize genetic resources for the development of com- U Taq po|ymerase (|nvitrogen)_ The amp”fication was
mercial lines [8]. Specifically in corn breeding, the as- performed using a Techne TC-142 Thermal Cycler with
sessment of genetic diversity is essential to the exploita- the following cycling program: initial denaturation at
tion of heterosis [9, 10, 11, 12]. Molecular markers as- 94°C for 2 min, followed by 30 cycles consisting of 30
sess genetic diversity at DNA level, do not present in- sec at 95°C, 1 min at X°C (depending on the primer)
teractions with the environment, and identify high poly- and 1 min at 72C, and a final extension at ?Z for 5
morphism levels which can be used for characterization min. The electrophoresis was conducted at 85W for 2.5
of corn accessions [10, 13]. In particular, SSR mark- hours on a vertical electrophoresis system (BIORAD)

ers in corn have been used to construct genetic linkage and the products were visualized by silver staining [21].
maps, study populations and evolution, assist breeding

programs, and characterize inbred lines [9, 14, 15, 16]. Molecular data analysis

Genetic variability in Ecuadorian highland corn pop- Data were recorded as an allelic matrix, where molecu-
ulations has been studied by different groups, and all lar weights of each allele (bands) were determined through
have reported high genetic diversity [4, 17, 18]. Few a comparison with a lineal regression based on the mi-
studies have been focused on the molecular character-gration distance of a 10 bp molecular weight ladder (In-
ization of highland corn, especially in races like black vitrogen). Allele frequency for each locus was calcu-
corn. Among these, in 2003, INIAP (Instituto Nacional lated using the following formula:
Auténomo de Investigaciones Agropecuarias) in Ecuador

[19], characterized 19 accessions and 9 lines from dif- Allele frequency = 2Nz + Nay
ferent types of highland corns, using 22 microsatellite 2N
sequences.

1)

where Nxx represents homozygous individuals, Nxy are
In this study, we evaluated 24 black corn S2 lines with heterozygous individuals, and N is the number of sam-
microsatellites and morphologic traits to assess their ge- ples. Polymorphism Information Content was determined
netic diversity and to analyze the possibility of devel- according to the following formula:

oping commercial lines of Ecuadorian “grape bunch”

black corn. PIC=1-> f} (2)
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Loci and their alleles in base pairs

Figure 1: Allele frequency per locus detected in 24 S2 linesf dlack corn from the Ecuadorian Andes. Allele 176 of locus PI959 is by far
the most frequent allele. On the other hand, locus Phi233376as the highest number of alleles.

Locus Genomic position  Sequence PIC VALUE

phi 032 9.04 5'-CTCCAGCAAGTGATGCTGGAC-3’ 0.68
5'-GACACCCGGATCAATGATGGAAC-3

phi 059 10.02 5'-AAGCTAATTAAGGCCGGTCATCCC-3’ 0.3
5-TCCGTGTACTCGGCGGACTC-3

phi 034 7.02 5-TAGCGACAGGATGGCCTCTTCT-3’ 0.61
5'-GGGGAGCACGCCTTCGTTCT-3’

phi 056 1.01 5-ACTTGCTTGCCTGCCGTTAC-3’ 0.55
5'-CGCACACCACTTCCCAGAA-3’

phi 078 6.05 5'-CAGCACCAGACTACATGACGTGTAA-3' 0.66
5-GGGCCGCGAGTGATGTGAGT-3

phi 087 5.06 5-GAGAGGAGGTGTTGTTTGACACAC-3’ 0.75
5'-ACAACCGGACAAGTCAGCAGATTG-3’

phi 076 4.11 5-TTCTTCCGCGGCTTCAATTTGACC-3’ 0.52
5'-GCATCAGGACCCGCAGAGTC-3’

phi 233376 8.03 5'-CCGGCAGTCGATTACTCC-3’ 0.83
5'-CGAGACCAAGAGAACCCTCA-3'
phi 109642 2.00 5-CTCTCTTTCCTTCCGACTTTCC-3 0.49

5'-GAGCGAGCGAGAGAGATCG-3’

phi 046 3.08 5'-ATCTCGCGAACGTGTGCAGATTCT-3’ 0.47

5-TCGATCTTTCCCGGAACTCTGAC-3

Table 1: Sequences, genomic position and PIC values of the B®ci primers used in this investigation.

where f? is the frequency of ith allele. The data were
also recorded in a binary matrix which was used to gen-
erate a similarity matrix by means of the Jaccard coef-
ficient. The similarity matrix was then used for cluster
analysis using the UPGMA clustering algorithm. The
genetic associations were also analyzed with a two di-
mensional Principal Coordinate Analysis. All of the sta-
tistical analyses were performed using the NTSYS-pc
software [22].

Morphological data analysis

Seven morphologic traits were considered in this study:
plant height, ear insertion height, tassel type, stem color
leaf length, leaf width and anthocyanin concentration.
The anthocyanin concentration from kernels was deter-
mined using a procedure previously described [6]. Ker-
nels were ground to a fine powder and dried in an oven

at 70°C overnight. 100 mg of homogenized powder
was then mixed with 7.5 ml 1% acetic acid. Each sam-
ple was vortexed for 10 min and sonicated for 30 min at
30°C. Following sonication, samples were centrifuged
(10,000 rpm, 25 min) and the supernatant was discarded.
Avolume of 1.7 mL of a methanol 1% acetic acid (90/10
v/v) solution was added to the remaining sample. Sam-
ples were vortexed for 10 min and sonicated for 30 min
at 30°C. Then, they were adjusted to pH1 and pH5 and
the absorbance was measured at a wavelength of 520 nm
using a spectrophotometer Spectronic 20D+ (Thermo
Scientific). The following formula was used to quantify
anthocyanin concentration.

(Abs pH1 — Abs pH5) X DF

Anthocyanin concentration =
0.775 @
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Figure 2: UPGMA dendrogram showing the grouping of 24 S2 line of black corn from the Ecuadorian Andes, generated with matcular
data of 10 SSR loci distributed in the ten chromosomes of cornSix groups are evident, most of which include individuals bgroups A and
B (group A from CIMMYT; group B from El Quinche, Ecuador).

where AbspHX represents the absorbance measured atself pollination undergone.

an X adjusted pH value, DF is the dilution factor and o , i

0.775is a correction factor. For morphological quantita- C€netic diversity and cluster analysis

tive data, mean an_d s_tandard deviation values were cal- 1o binary matrix was used to compute the genetic dis-
culated while qualitative data were analyzed by a deter- y,nces for all pairs of corn S2 lines studied. The genetic
mination of proportions. In order_to verify differences  jistances ranged from 0.29 between B1 and B3 lines
between the mean values from lines of Group A and , g g5 for lines B8 and B12. Distance measures were
lines of Group B, t tests were performed. For this pur- |51er ysed to construct a hierarchical tree using the UP-
pose, accessions from Group B were set in groups of Gya method. At about 7% of genetic distance six

n=6 to be compared to Group A, also n=6. The tests .15 are evident in the dendrogram constructed with
were performed using Excel 2008 (Microsoft COrpo- e molecular data (Fig. 2). Clusters 1, 3 and 5 consist

ration). Quantitative and qualitative data were used to exclusively of corn lines from EI Quinche (Group B),

build a binary matrix, on which a similarity matrix was  \hereas the other clusters are constituted by corn lines
based, using the Jaccard coefficient. The results were of both EI Quinche and CIMMYT (Groups A and B).
used to obtain a dendrogram by UPGMA cluster analy-  ¢gnsjdering the level of association between clusters,
sis using the program NT-SYS 2.0. cluster 1 is the most distant in the dendrogram, such
that it appears as an external group, linked to the rest
Results of clusters at about 80 distance. Clusters 2 and 3 join
together at 6% distance and clusters 4 and 6 converge
at 79% distance. There is also variation within the clus-

A total of 43 alleles were revealed for the 10 SSR loci 1€rS: being cluster 1 the most homogeneous since the
(Fig. 1). The number of alleles per locus ranged from 2 three corn lines that constitute it converge atdis-
(loci phi059, phi109642 and phi046) to 8 (locus phios9) t&nce. The Principal Coordinate Analysis (Fig. 3) dis-
with an average of 48 2.06. The allele frequency var- tributed the individuals in a similar way as in the den-
ied from around % (allele 255 of locus phi 078), to  drogram, obtaining the same major clusters.

_81% (all_ele 176 of locus phi059). The polym(_)rphism Morphological variation

information content (PIC) value for the 10 loci ranged

from 0.30 (phi059) to 0.83 (phi233376) with an aver- The S2 lines from Group A showed higher mean and
age of 0.59t0.15 (Table 1). The average homozygosity standard deviation values compared to the S2 lines from
level reached by the 24 S2 lines was’8®hich coin- Group B. Both groups evidenced a reduction in the mag-
cides with the expected level due to the two cycles of nitude of the different descriptors compared to the pafenta

Allelic diversity at SSR loci
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Figure 3: Principal Coordinate Analysis using molecular dda generated by analyzing 10 SSR loci in 24 SSR lines of blaclom of the
Ecuadorian Andes. Grouping is similar to that of the dendrogam.

generation. Thus, plant height and ear insertion height Cluster analysis was used to reveal the association be-
showed the highest depression by means of endogamy.tween Group A and B. Genetic similarity was calculated
Groups B and A showed a reduction of 3678and from the morphological binary matrix by UPGMA. Six
26.8%% of plant height respectively compared to the major clusters were observed in the morphological den-
average for this descriptor in the type of corn “grape drogram (Figure 4). The first main cluster (1) included
bunch”. For ear insertion height, the reduction was 2%.94 most of the individuals with leaf length of 46-55 cm
for Group B, and 20.4%Z for Group A (data notshown).  and leaf width of 5.16 cm. The second main cluster
(2) mainly grouped individuals with plant height of 106-
The ttest was performed to evaluate whether there was a 120 ¢m, ear insertion height of 61-70 cm, and leaf length
significant difference between Groups A and B regard- of 66-75 cm. The third cluster (3) grouped individu-
ing morphologic descriptors. No significant differences  ais with green stem and leaf length of 36-45 cm. The
were found between groups B1 and A for plant height, fourth cluster (4) grouped highly heterogeneous individ-
ear insertion height, and leaf length. Also, groups B2 yals that share primary-secondary-tertiary tassel type.
and A had no significant differences between them in The fifth cluster (5) contained also a heterogeneous group
ear insertion height, leaf length and leaf width. On the that shared ear insertion height of 71-80 cm. Finally,
other hand, Group B3 had significant differences com- the sixth cluster (6) had individuals with green stem,
pared to group A in leaf length, leaf width, plant height, primary-secondary tassel type, leaf length of 46-55 cm,
and ear insertion height. and leaf width of 7.1-8 cm. Clusters 1 and 3 contained
S2 lines from group B only, whereas the rest of clusters

Regarding anthocyanin content, an ample variation was were heterogeneous for both Groups A and B.

observed in the corn S2 lines studied, ranging from 2.3
g/cm3 (line Al) to 0.07 g/cm3 (lines B5 and B7), with
an overall average of 0.821 g/cm3. The highest vari- Discussion

ability corresponded to Group B (from El Quinche -

Ecuador), probably because of its bigger sample size. The size of the alleles (in base pairs) found in this study
The highest value of anthocyanin content (2.3 g/cm3) for the 10 SSR loci analyzed corresponded to the sizes
however, was seen in accession Al (from CIMMYT). thathave been reported in the web database “MaizeGDB”
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Figure 4: UPGMA dendrogram showing the grouping of 24 S2 lins of black corn from the Ecuadorian Andes, generated with mopholog-

ical data by analyzing four quantitative traits.

available in http://www.maize.gdb.org. The PIC value is

considered as the best method to measure the distribu-

tion of alleles among a germplasm [23]. The mean PIC
value of 0.59 in this study is similar to those of other

studies in corn like Enoki et al [24] that reported a mean
PIC value of 0.69, Smith et al [25] 0.62, and Senior et
al [26]. 0.59. This PIC value showed the discrimina-

tory power of the primers used in this study to evaluate
the diversity between the 24 black corn lines analyzed.

The dendrogram generated with the morphological traits
showed clusters of individuals that share more than one
characteristic. Hartings et al [30] also reported that the
morphological characterization of 54 individuals, using
20 morphological traits, grouped individuals that shared
more than one trait. Corn is a crop with a high diver-
sity in phenotypic traits. However, morphological traits
are not accurate to study genetic variability in a group
due to the fact that they can be environmentally affected

Besides, a high PIC value was expected because of the[11, 30].

previous high values reported by Warburton et al [15]
for the same set of primers. The genetic distance is the
measure of the genetic relationship among individuals
from a population. The genetic similarity matrix with
the Jaccard coefficient had an average similarity value
of 0.60+0.14. This value is similar with other studies
[25, 26, 27]. In addition, corn is an allogamous specie;
therefore, a high allelic diversity is likely to be shown
[28]. The results also made possible the distinction be-
tween lines closely related like the minimum genetic
distance of 0.29 for B1 and B3 and the maximum of
0.95 for lines B8 and B12.

The grouping of the 24 S2 lines shown in the dendro-
gram and the distribution shown in the PCA displayed

More variation was observed in the group A eventhough
it's a small group. This was true for most characteris-
tics, except for anthocyanin content, where group B was
more variable. The reason for this might be that Group
A is made of individuals from an interpopulation cross;
hence it has a wider genetic base. A major genetic vari-
ability is expected and available if populations from di-
verse origins are intercrossed [31]. The corn germplasm
in the Ecuadorian Andean region has a low tolerance to
endogamy. Studies made in the South American An-
dean region suggested that the degree of depression by
endogamy in some traits was higher in populations with
floury kernels than in populations with dent and semi
dentkernels [31, 32].

several coincidences that suggest that this could be the The results obtained in this study demonstrated that the

real distribution between the genotypes of the acces-
sions studied [24, 29]. These groupings would help to
select the parental individuals for the following crosses
between the lines in the breeding program to generate
commercial black corn hybrids, and most importantly,
to develop new varieties of black corn.

S2 lines derived from the local population Group A and
Group B had a reduction in the vigor, due to the ef-
fect of the two consecutive self pollinations. The suc-
cessive self pollination decreases the frequency of het-
erozygotes, which results in a higher endogamy. Breed-
ing programs that use self-pollination to develop pure
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lines describe that heterozygosis is reduced by 50% in
each self-pollination cycle [2]. In this study, 82% of ho-
mozygosis was found for the 10 SSR loci analyzed in
the 24 accessions of black corn, which shows how the
heterozygosis was reduced as a result of the two con-
secutive self pollinations. The main objective of self-
pollination is to reduce the heterozygosis [29]. As a
result, the lines had reduced the expression of differ-
ent characteristics. No relationship was found between
morphological and molecular distribution in the dendro-
grams. The reason for this might be the limited number
of loci and accessions analyzed in this study. More-
over, the loci examined were not necessarily related to
the morphological traits. Vaz et al [11] found that traits
such as plant height, ear insertion height and type of
kernel were not related with the variation detected by
15 microsatellite markers. As in the present study, Vaz
et al [11] also used primers based on genomic position
and not on primers that targeted genes related to mor-
phological traits [2].

Summarizing, the black corn S2 lines analyzed in this
study showed an intermediate level of variability, both
morphologically and molecularly, which potentially opens
the possibility of finding adequate parents for the de-
veloping of new varieties with enhanced characteristics.

Especially interesting was the finding of a wide range of [11]

variation in anthocyanin content, which eventually will
make it possible to combine the genes contributing to
this trait in one variety. Increasing the sample size in fu-

ture studies will contribute to completing the spectrum [12]

of genetic variability available in black corn varieties of
Ecuador.

Acknowledgements

This study was financially supported through a Small
Grant by Universidad San Francisco de Quito. We would
like to thank Valeria Ochoa, PhD, for her assistance in

the spectrophotometry measurements for anthocyanin[14]

content in our samples, as well as Bernardo Gutiérrez
for his contributions for the writing of this paper. Also,
we would like to thank Viviana Jaramillo for reading

this manuscript and the research group of the Plant Biotedhs]

nology Laboratory at Universidad San Francisco de Quito.

(13]

[5] Pedreschi, R. and Cisneros-Zevallos 2006. “Antimuta-
genic and Antioxidant Properties of Phenolic Fractions
from Andean Purple CornZga mayd.. )”. Journal of
Agricultural and Food Chemistry54, 4557—4567.

Zhang, W. and Furusaki, S. 1999. “Production of Antho-
cyanins by Plant Cell CulturesBiotechnol. Bioprocess
Eng 4, 231-252.

Moyer, R.A., Hummer, K.E., Finn, C.E., Frei, B., and
Wrolstad, R.E. 2002. “Anthocyanins, phenolics, and an-
tioxidant capacity in diverse small fruits: Vaccinium,
Rubus, and Ribes"Journal of Agricultural and Food
Chemistry 50, 519-525.

Franco, J., Crossa, J., Ribaut, J., Betran, J., Warbhurto
M., and Khairallah, M. 2001. “A method for combining
molecular markers and phenotypic attributes for classi-
fying plant genotypes"Theor. Appl. Genet 103, 944—
952.

[9] Gethi, J., Labate, J., Lamkey, K., Smith, M., and Kreso-
vich, S. 2002. “SSR Variation in Important U.S Maize
Inbred lines.”.Crop Sci. 42, 951-957.

(6]

[7]

(8]

10] Souza, S., Carpentieri-Pipolo, P., Ruas, C., Carvahlo

V., Ruas, P., and Gerage, A. 2008. “Comparative Analy-
sis of Genetic Diversity Among the Maize Inbred Lines
(Zea mayd..) obtained by RAPD and SSR Markers”.
Brazilian Archives of Biology and Technology, 183—
192.

Vaz-Patto, M., Satovic, Z., Pego, S., and Fevereiro,
P. 2004. “Assessing the genetic diversity of Portuguese
maize germplasm using microsatellite markergu-
phytica 137, 63-72.

Carvalho, M., Gananga, J., Ivo, A., Nélia, S., Santos,
T., Vieira, M., and Motto, M. 2008. “Evaluation of the
maize Zea maysl.) diversity on the Archipielago of
Madeira.”.Genet Resour Crop Evob5, 221-233.

Reif, J., Melchinger, A., Xia, X., Warburton, M., Hois-
ington, D., Vasal, S., Srinivasan, S., Bohn, M., and
Frisch, M. 2003. “Genetic Distance Base on Simple Se-
guence Repeats and Heterosis in Tropical Maize Popu-
lations”. Crop Sci 43, 1275-1282.

Xu, Su-Xia, Jie Liu and Gong-She Liu. 2004. “The use
of SSRs for predicting the hybrid yield and yield hetero-
sis in 15 key inbred lines of Chinese maizelereditas
141, 207-215.

Warburton, M., Xia, X., Crossa, J., Franco, J.,
Melchinger, A., Frisch, M., Bohn, M., and Hoising-
ton, D. 2002. “Genetic Characterization of CIMMYT In-
bred Maize Lines and Open Pollinated Populations Us-
ing Large Scale Fingerprinting Method<Crop Sci. 42.

References
[16] Vigouroux, Y., Jaqueth, J., Matsuoka, Y., Smith, O.,

[1] Acquaah, G. 2007Principles of Plant Genetics and Beavis, W., Smith, S., and Doebley, J. 2002. “Rate and

Breeding”, Blackwell Publishing: Oxford. Pattern of Mutations at Microsatellite Loci in Maize”.
[2] Sleper, D.and J., P. 200@reeding Field Crops”, Fifth. Mol. Biol. Evol 8, 1251-1260.

Blackwell Publishing: lowa. [17] Caicedo, M., Vaca, R., Caviedes, M., Yanez, C., and
[3] Timothy, H.W., Grant, V., Terregnoza, M., Sarrio, D., Heredia, J. 2004 Efecto de la Endogamia sobre el

and Varela, D. 1996:Razas de maiz en Ecuadarin- Rendimiento de una poblacién mejorada de maiz amar-

stituto Colombiano Agropecuario. Bogotd, Colombia. rillo duro para la sierra ecuatoriana; En XX Reunion
[4] Yénez, C., Sanchez, V., Caicedo, M., Zambrano, J., Latinoamericana de Maiz. Memorias. Lima, Peru.

Franco, J., and Taba, S. 2004.a Coleccién Nucleo [18] Gamarra, G. and Sevilla, R. 20045anancia genética

de los Recursos Genéticos de Maices de Altura Ecua-
torianos”, En XX Reunion Latinoamericana de Maiz.
Memorias. Lima, Peru.

por seleccién mazorca—hilera modificada en tres pobla-
ciones de maiz amarrillg”"En XX Reunion Latinoamer-
icana de Maiz. Memorias. Lima, Peru.



Avances2012 Vol. 4, No. 1, Pags. B11-B18

Torres et al.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

INIAP 2003.Catélogo de Recursos Genéticos de Maices
de Altura EcuatoriangsQuito, Ecuador.

Shagai-Maroof, M., Soliman, K., Jorgensen, R., and Al-
lard, R. 1984. “Ribosomal DNA space-length polymor-
phisms in barley: Mendelian inheritance, chromosomal
location, and population dynamicsProc. Nac. Acad.
Sci 81, 8014-8018.

Benbouza, H., Jacquemin, J., Baudoin, J., and Mergeai,
G. 2006. “Optimization of reliable, fast, cheap and sensi-
tive silver staining method to detect SSR marker in poly-
acrylamide gels”Biotechnol. Agron. Soc. Environ2,
77-81.

Rohlf, F. 1992 'NTSYS-pc: Numerical and multivariate
analysis system”Stony Brook, Ny: Department Ecol-
ogy and Evolution, State University of New York.

Jones, E., Sullivan, H., and Bhattramakki, D. 2007.
“A comparison of simple sequence repeat and single
nucleotide polymorphism marker technologies for the
genotypic analysis of mazZga mayd..)". Theor Appl.
Genet 115, 361-371.

Enoki, H., Sato, H., and Koinuma, K. 2002. “SSR analy-
sis of genetic diversity among maize inbred lines adapted
to cold regions of JapanTheor Appl. Genet 104,
1270-1277.

Smith, J., Chin, E., Shu, H., Smith, O., Wall, S., Senior
M., Mitchell, S., Kresovich, S., and Ziegle, J. 1997. “An
evaluation of the utility of SSR loci as molecular mark-
ers in maize Zea may4..): comparisons with data from
RFLPS and pedigreeTheor Appl Genet95, 163-173.

Senior, M., Murphy, J., Goodman, M., and Stuber, C.
1998. “Utility of SSRs for Determining Genetic Similar-
ities and Relationships in Maize Using an Agarose Gel
System”.Crop Sci 38, 1088—1098.

Legesse, B., Myburg, A., Pixley, K., and Botha, A. 2007.
“Genetic diversity of African maize inbred lines revealed
by SSR markers™Hereditas 144, 10-17.

Ramirez, E.R., Timothy, D.H., Diaz, B.E., and Grant,
U.J. 1960. “Races of maize in Bolivia’National
Academy of Sciences, National Research Cournelr.

Fernandez, H., San Vicente, F., Marin, C., and Torealb
D. 2006. “Determinacion de la relacion genética entre
lineas de maiz usando marcadores SSRjronomia
Trop. 56, 643-650.

Hartings, H., Berardo, N., Mazzinelli, G., Valoti, P.,
Verderio, A., and Motto, M. 2008. “Assessment of ge-
netic diversity and relationship among maiZ&é mays
L.) Italian landraces by morphological traits and AFLP
profiling”. Theor Appl Genet117, 831-842.

Sevilla, R., Manrique, A., Sanchez, H., and Nakaodo,
J. 1997.“Heterosis en maices harinosos de la Regién
Alta Andina”, En IV Reunion Latinoamericana y XVII
Reunién de la Zona Andina de Investigaciones en Maiz.
Memorias. Cartagena, Colombia.

Mejia, E., Ceballos, H., Navarro, L., DelLeoén, C.,
Salazar, F., and Arias, M. 199%eterosis y aptitud
combinatoria entre lineas endogamicas de maiz con-
trastantes por su reaccién a suelos acidpEh Memo-
rias XVIII Reunion Latinoamericana de Maiz. Minas
Gerais, Brasil.



	AVANCES_Vol4_No1_2012 27
	AVANCES_Vol4_No1_2012 28
	AVANCES_Vol4_No1_2012 29
	AVANCES_Vol4_No1_2012 30
	AVANCES_Vol4_No1_2012 31
	AVANCES_Vol4_No1_2012 32
	AVANCES_Vol4_No1_2012 33
	AVANCES_Vol4_No1_2012 34

