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ABSTRACT

Five cultivars (Cristal White Wax, Toro, Red Burgundy,
Cojumatlin and Contessa) of onion (Allium cepa L.) were
characterized according to: the weight of 100 seeds, germination
kinetics, speed germination (T ) and seed protein analysis.
Seed of Crystal White Wax was differentiated from the other
cultivars by its low weight (0.30 g), since the weight of the rest
was 0.40 g. Crystal White Wax had low seed germination (56%)
and the highest delay of germination (T, values were 78 h),
while T, of the rest was 52 h. Protein was isolated from seeds
at the precise moment of seed germination. All cultivars were
differentiated by their pattern and number of proteins resolved
by SDS-PAGE electrophoresis. Toro and Red Burgundy showed
the greater difference in the number of proteins detected (27
and 14) whereas Cojumatlan, Contessa and Crystal White Wax
had similar numbers. All cultivars shared 12 proteins (44%).
According to the coefficient of similarity of Jaccard, Cojumatlin
and Crystal White Wax had the greatest degree of relationship
(0.95), while Red Burgundy was the least related.

Key words: Allium cepa L., germination kinetics, SDS-PAGE,
T50, vigor.

INTRODUCTION

nion is the third most important vegetable

crop in México. In 2006 the production was

169 990 t in a sowed area of approximately
23 185 ha (SIAP, 2007). In México, several varieties
were introduced, and the cultivar Cojumatldn was
generated later on. Due to its acceptable adaptability
it is cultivated all around the country and has been
involved in the generation of new varieties. The
hybrids Contessa, Crystal White Wax and Toro
sometimes show adaptation problems. The white
bulb varieties are commonly available at the market
but purple coloration cultivars have restricted
availability, even though, they are quite important in
traditional mexican kitchen recipes.
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RESUMEN

Cinco variedades de cebolla (Allium cepa L.) (Crystal White Wax,
Toro, Red Burgundy, Cojumatlidn y Contessa) fueron caracteri-
zadas de acuerdo a: peso de 100 semillas, cinética de la germi-
nacién, velocidad de germinacién (T, y andlisis de proteinas de
las semillas. La semilla de Crystal White Wax se diferencié por
su menor peso (0.30 g), mientras que el peso del resto de los cul-
tivares fue de 0.40 g. Crystal White Wax tuvo baja germinacién
(56%) y fue la mas tardia (su Ty, fue 78 h), mientras que en el
resto fue 52 h. La proteina se aislé de las semillas al momento
justo de la germinacion. Todos los cultivares se diferenciaron por
su patrén y nimero de proteinas detectadas resueltas en geles
de poliacrilamida-DSS. Toro y Red Burgundy tuvieron la mayor
diferencia en niimero de proteinas detectadas (27 y 14) mientras
que Cojumatlin, Contessa y Cristal White Wax tuvieron niimeros
similares. Todos los cultivares compartieron 12 proteinas (44%).
De acuerdo con el coeficiente de similitud de Jaccard, Cojumatlin
y Crystal White Wax tuvieron el mayor grado de relacion (0.95),
y Red Burgundy fue el cultivar menos relacionado a los demas.

Palabras clave: Allium cepa L., cinética de germinacion, SDSPA-

GE, T, vigor.
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INTRODUCCION

1 cultivo de la cebolla es el tercero mds im-
portante de las hortalizas en México, con una
produccién de 169 990 t en el 2006 en un area
sembrada aproximada de 23 185 ha (SIAP, 2007).
Las variedades en México generalmente son de intro-
duccidn, y la Cojumatlédn se generé mas tarde. Esta
variedad, debido a su adaptabilidad aceptable se cul-
tiva en todo el pais y estd involucrada en la genera-
cion de nuevas variedades. Los hibridos Contessa,
Crystal White Wax y Toro algunas veces presentan
problemas de adaptacién. Las variedades de bulbo
blancas son comunes en el mercado mientras que las
de coloracion purpura, aunque importantes en recetas
de la cocina tradicional mexicana, tienen una disponi-
bilidad restringida.
Con base a la legislacion mexicana (SNICS,
2003) y las normas establecidas por organizaciones
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According to local mexican rules (SNICS,
2003) and agreements established by international
organizations such as the International Office of
Vine and Wine (OIV), International Plant Genetic
Resources Institute (IPGRI) and the International
Union for the Protection of New Varieties of Plants
(UPOV), in order to register any crop seed, to
assure its quality, it is required to identify its genetic
source. The accurate characterization of varieties
is usually carried out using descriptors based on
agronomic and morphologic traits and methods based
on biochemistry, physiology, proteins, isozymes
and DNA analysis. The environment, however, may
modify some descriptors. With the DNA technology
the most reliable results are obtained; however, it
is the most expensive. Among current techniques,
the electrophoretic protein patterns have been used
to characterize multiple vegetal species such as
wheat (Triticum aestivum L.), cotton (Gossypium
L.), barley (Hordeum 1L.), soybeans (Glycine
max (L.) Merr.), sorghum (Sorghum bicolor (L.)
Moench.), horticultural crops, as well as in studies
of phytopathogenic fungi (Chauhan et al., 2002;
Stonoyanova and Kolev, 2001; Wang et al., 2000). A
procedure based on the systematic integration of the
data obtained from morphological and physiological
descriptors in conjunction with molecular markers
may allow a more reliable identification of important
onion varieties.

The objective of this investigation was to establish
a practical method to characterize cultivars of onion
based on the integrated analysis of seed weight,
speed (T, and uniformity of seed germination and
the protein patterns utilizing protein isolated at the
moment of seed germination.

MATERIALS AND METHODS
Biological materials

Five cultivars of onion: the variety Cojumatlan, the commercial
hybrids Contessa, Crystal White Wax, and Toro (produce white
bulbs) and the hybrid Red Burgundy (purple bulbs) were utilized
in the present investigation. The seeds were obtained assuring
that the date of packing corresponded to the year in which the
investigation was carried out, with the exception of Red Burgundy
seed, that was of the previous year. All seeds were packaged to
vacuum, with the exception of Cojumatldn, which was obtained in
bulk.

Weight of 100 seeds

The weight of seeds was obtained from four 100 seed samples
per cultivar using a Sartorius® 1216 MP grain scale.
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internacionales como International Office of Vine and
Wine (OIV), International Plant Genetic Resources
Institute (IPGRI) y la International Union for the
Protection of New Varieties of Plants (UPOV), para
registrar cualquier semilla de cultivo y asegurar su
calidad, se requiere identificar la fuente genética.
La adecuada identificacion varietal se realiza usando
generalmente descriptores con base en caracteristi-
cas agrondémicas, morfologicas y métodos basados
en el anélisis bioquimico, fisioldgico, de proteinas,
isoenzimas y ADN. Sin embargo, el ambiente puede
modificar algunos descriptores. Con la tecnologia
del ADN se obtienen resultados mas confiables; sin
embargo, es la més cara. Entre las técnicas actua-
les, los patrones electroforéticos de proteinas se
han usado para caracterizar multiples especies ve-
getales como: trigo (Triticum aestivum L.), algo-
dén (Gossypium L.), cebada (Hordeum L.), soya
(Glycine max (L.) Merr.), sorgo (Sorghum bicolor
(L.) Moench.), hortalizas, asi como hongos fitopatd-
genos (Chauhan ef al., 2002; Stonoyanova y Kolev,
2001; Wang et al., 2000). Un procedimiento basado
en la integracion sistemdtica de la informacioén ob-
tenida de los descriptores morfoldgicos, fisiologicos
asi como los marcadores moleculares, puede permi-
tir una identificacién mas confiable de las variedades
econdmicamente importantes de cebolla.

El objetivo de esta investigacion fue establecer
un método practico para caracterizar cultivares de
cebolla basado en el andlisis integrado de el peso
de la semilla, velocidad (T,y) y uniformidad de la
germinacion de la semilla y patrones de proteina
usando proteina aislada en el momento de la ger-
minacion.

MATERIALES Y METODOS

Materiales biologicos

En la presente investigacion se usaron cinco cultivares de
cebolla: Cojumatldn (CJ) y los hibridos comerciales Contessa
(CT), Crystal White Wax (CR), y el Toro (TR) (producen bulbos
blancos) y el hibrido Red Burgundy (RB) (bulbos purpuras). Las
semillas se obtuvieron asegurando que la fecha de cosecha en el
empaque correspondiera al afio en el cual se hizo la investigacion,
a excepcion de RB que fue del ano anterior. Todas las semillas
fueron envasadas al vacio, excepto de Cojumatldn que se obtuvo
de venta a granel.

Peso de 100 semillas

El peso de las semillas se obtuvo de cuatro muestras de 100
semillas, usando una balanza granataria Sartorius® 1216 MP.
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Germination tests

To determine the rate and uniformity of germination, tests
were performed according to ISTA (1999) with the indicated
modifications. Four replicates of 25 seeds per cultivar were imbibed
on filter paper (Wisconsin Park Avenue®) soaked with 5 mL of
distilled water placed in Petri dishes (9 cm diameter) and maintained
at 28+1 °C. A seed was considered germinated when the radicle
protrution was approximately 1 mm. Results were expressed as
germination percentages. Germination rate was calculated as the
period of time (h) to 50% germination (T)). From cumulative
germination curves (germination counts taken at 21, 31, 45, 55,
69, 79, 93 and 103 h) this percentage was graphically calculated by
means of a fourth order polinomial regression, with the Microsoft®
Exel 2000 program, and the tabulation was performed with the
Curve Expert program version 1.38 (http://curveexpert.webhop.
net). The percentage of germination for the statistical analysis was
taken from the count at 103 h.

Protein analysis

Protein was isolated by grinding approximately 30 seeds (0.2
g) which were at the stage of seed germination together with two
volumes of extraction buffer which contained 100 mM sodium
phosphate; 1 mM, EDTA; 1 mM, phenylmethylsulfonyl fluoride
(PMSF) and 1%, polyvinilpirrolidone (PVP) -10 (Pinhero et al.,
1997; El-Bendary et al., 1998). The protein content in the extracts
was determined according to Lowry et al. (1951).

Proteins were separated by electrophoresis (SDS-PAGE),
following the procedure described by Laemmly (1970) using 4%
stacking gel and 8% running gel. In each slot a sample volume of 20
uL was loaded, 12 uL of protein extract, containing approximately
100 ug of protein, 6 uL of buffer (0.5 M Tris HCI pH 6.8, 50 uL;
glycerol, 50 uL; 10% SDS (w/v), 50 uL, and 2-mercaptoethanol,
10 uL) and 2 uL bromophenol blue (0.01% w/v). The separation
was carried out using a vertical electrophoresis chamber (OWL®)
of 14x12.5 cm and a power source (E-C Apparatus Corporation
EC-105). The protein concentration was carried out at 88+1 V
and when the samples reached the separating gel, the voltage was
set to 110+1 V by 8 h approximately. The gel was dyed with a
0.1% Coomassie blue solution, where the gel was kept for 30 min,
shaking constantly. The gel was bleached using 10% acetic acid v/v
for 36 h, replacing the solution at least three times.

Analysis of results

The experiments for seed weight, germination and T, were
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carried out in completely randomized designs with four replications,
and comparisons among treatment means were made with the Tukey
test (p=<0.05).

The gel was digitalized with a Hewlett Packard® ScanJet 3300C
and with the images obtained the molecular weight of all defined
proteins was calculated. All the bands in each pattern were scored,

1 the presence and O for absence, and a binary matrix was generated

Pruebas de germinacion

Para determinar la tasa de uniformidad de la germinacién, se
hicieron pruebas de acuerdo con ISTA (1999) con las modificacio-
nes indicadas. Cuatro repeticiones de 25 semillas por cultivar fueron
embebidas en papel filtro (Wisconsin Park Avenue®), humedecido
con 5 mL agua destilada en cajas Petri (9 cm didmetro) y manteni-
das a 28+1 °C. La semilla se consideré germinada cuando la pro-
truscion de la radicula era 1 mm aproximadamente. Los resultados
se expresaron en porcentaje de germinacion. La tasa de germinacion
se calculé como el periodo de tiempo (h) al 50% germinacién (T, ).
De las curvas acumulativas de germinacion (germinacion evaluada a
21, 31, 45, 55, 69, 79, 93 y 103 h) el porcentaje se calculd grafica-
mente mediante un modelo de regresion lineal de cuarto orden con
el programa Exel 2000 de Microsoft® y la tabulacién se realiz con
el programa Curve Expert version 1.38 (http://curveexpert.webhop.
net). El porcentaje de germinacion para el andlisis estadistico se
obtuvo del conteo a 103 h.

Anadlisis de proteinas

La proteina se aisld al moler aproximadamente 30 semillas (0.2
g) que estaban en etapa de germinacion, con dos volimenes de
amortiguador de extraccion que contenia: 100 mM fosfato de sodio;
1 mM EDTA; 1 mM fluoruro de fenilmetilsulfonil (PMSF) y 1%
polivinilpirrolidona (PVP) -10 (Pinhero et al., 1997; El-Bendary et
al., 1998). El contenido proteinico en los extractos se determind
seglin Lowry ef al. (1951).

Las proteinas fueron separadas por electroforesis (SDS-PAGE),
siguiendo el procedimiento descrito por Laemmly (1970) usando 4%
y 8% para el gel concentrador y separador. En cada ranura se coloco
una muestra de 20 uL, 12 uL del extracto de proteinas, que contenfan
aproximadamente 100 ug de proteina, 6 uL de amortiguador (0.5 M
Tris HCI pH 6.8, 50 uL; glicerol, 50 uL; SDS 10% (p/v), 50 uL,
y 2-mercaptoetanol, 10 uL) y 2 4L de azul del bromofenol (0.01%
p/v). La separacion de proteinas se hizo usando una cdmara vertical
de electroforesis (OWL®) de 14X12.5 cm y una fuente de energia (E-
C Apparatus Corporation EC-105). La concentracién de la proteina
se hizo a 88+1 V y cuando las muestras alcanzaron el gel de sepa-
racion, el voltaje se ajustd a 110+1 V por 8 h aproximadamente. El
gel fue tefiido con una solucion de azul de Coomassie al 0.1%, donde
permanecié 30 min con movimiento constante. El gel fue destefiido
usando solucion de dcido acético al 10% v/v por 36 h, cambiando la
solucion al menos tres veces.

Andlisis de resultados

Los experimentos para peso de semilla, germinacién y T50 se
hicieron con disefios experimentales completamente al azar con cua-
tro repeticiones y las comparaciones entre medias de tratamientos se
realizaron con la prueba de Tukey (p=<0.05).

El gel fue digitalizado con un scanner Hewlett Packard® ScanJet
3300C y con las im4genes obtenidas se calcularon los pesos molecula-
res de las proteinas definidas. Todas las bandas en cada patrén fueron
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to analyze them by hierarchic classification (cluster analysis) with the
program NTSYSpc version 2.01 and the method of group UPGMA,
that synthesizes the information of all the samples (Morales et al.,
2004). With the coefficient of similarity of Jaccard a dendrogram
was obtained that showed the relations between cultivars.

REesuLTs
Physical and physiological characteristics

Based on the seed weight it was possible to
differentiate Crystal White Wax from the other
cultivars, which presented the smallest weight (0.30
g) in comparison with the seed weight of the other
cultivars which was 0.40 g (Table 1). Regarding
seed germination Contessa expressed the greatest
percentage (79%) and Crystal White Wax the least
(56%). Based on the rate of seed germination (T,,)
Crystal White Wax exhibited the highest value of
delayed germination (78 h).

Protein analysis

It was possible to distinguish each one of the
cultivars based on its specific protein pattern which
implicates the number of total proteins, differences
with respect to the presence or absence of bands, and
by their relative staining intensities (Figure 1). Toro
presented 27 proteins; five of them, proteins 1, 3, 4, 9
and 21 (18.5%) are exclusively found in Toro (Figure
1B). The highest number of proteins found in Toro
contrasted with 14 bands detected in Red burgundy.

Cojumatlan, Crystal White Wax and Contessa,
expressed similar number of bands, 21, 20 and 18
(Table 1). All varieties expressed 12 protein bands
in common, with the following molecular weights:
39.86, 37.16, 34.64, 32.67, 29.07, 22.48, 21.20,
19.53, 17.79, 15.82, 13.43 and 11.95 kDa.

According to the distribution of the cultivars in the
dendrogram (Figure 2) Cojumatlan and Crystal White
Wax constituted a group closely related to Contessa,

codificadas, 1 para la presencia y O para ausencia, y se generd una
matriz binaria para analizarlas por clasificacion jerarquica (analisis de
cluster) con el programa NTSYSpc version 2.01 y el método de agru-
pamiento UPGMA, que sintetiza la informacion de todas las muestras
(Morales et al., 2004). Con el coeficiente de similitud de Jaccard se
obtuvo un dendrograma que mostré la relaciones entre los cultivares.

RESuULTADOS
Caracteristicas fisicas y funcionales de la semilla

Con base en el peso de semillas fue posible dife-
renciar Crystal White Wax de los otros cultivares, el
cual present6 el menor peso (0.30 g) en comparacion
con la semilla de los otros cultivares que fue 0.40 g
(Cuadro 1). Respecto a la germinacién de las semi-
llas, Contessa expresd el mayor porcentage (79%) y
Crystal White Wax el menor (56%). Mediante la tasa
de germinacion T, Crystal White Wax presento el
mayor valor de germinacion retrazada (78 h).

Andlisis de proteinas

Fue posible diferenciar cada uno de los cultivares
con base en el patrén especifico de proteinas, el cual
implic6 el nimero total de proteinas, diferencias con
respecto a la presencia o ausencia de bandas e inten-
sidad relativa (Figura 1). Toro presentd 27 proteinas;
cinco de ellas, las proteinas 1, 3, 4, 9y 21 (18.5%)
se encuentran exclusivamente en Toro (Figura 1B). El
mayor nimero de proteinas encontradas en Toro con-
trastd con 14 bandas detectadas en Red Burgundy.

Cojumatlan, Crystal White Wax y Contessa, pre-
sentaron un numero similar de bandas, 21, 20 y 18
respectivamente (Cuadro 1). Todas los cultivares pre-
sentaron 12 bandas de proteinas en comun, de pesos
moleculares: 39.86, 37.16, 34.64, 32.67,29.07, 22.48,
21.20, 19.53, 17.79, 15.82, 13.43 y 11.95 kDa.

De acuerdo a la distribucién de los cultivares en el
dendrograma (Figura 2) Cojumatlan y Crystal White
Wax constituyen un grupo cercanamente relacionado

Table 1. Differentiation of the studied cultivars by the indicated criteria.
Cuadro 1. Diferenciacion de los cultivares estudiados con los criterios indicados.

Cultivart Seed weight T, Germination Total proteins Useful bands to Coefficient of
(2) (h) (%) bands and (%) differentiate cultivars similarity

CJ 0.40 af 66 66 ab 21 (78) 7, 8,9, 10, 16 0.95

CT 0.40 a 52 79 a 18  (67) 7 0.83

CR 0.30 b 78 56 b 20 (74) 8,9, 10, 16 0.95

RB 0.40 a 52 73 ab 14 (52) 1 to 10 and 25% 0.56

TR 0.40 a 52 71 ab 27 (100) 1,3,4,9,21 0.721

. CJ, Cojumatlan; CT, Contessa; CR, Crystal White Wax; RB, Red Burgundy; TR, Toro.
 Values with different letter within each column are statistically different (p=<0.05).

§ Not displayed.
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Figure 1. Protein bands pattern (A) and diagrammatic representation (B) of: CJ, Cojumatlan; CT, Contessa; CR, Crystal White Wax;
RB, Red Burgundy; TR, Toro; Bn, band number; kDa, marker of molecular weights.

Figura 1. Patron de bandas proteinicas (A) y representacion diagramatica (B) de: CJ, Cojumatlan; CT, Contessa; CR, Crystal White
Wax; RB, Red Burgundy; TR, Toro; Bn, nimero de banda; kDa, marcador de pesos moleculares.

and Red Burgundy was the least related cultivar (Table
1; Figure 2).

DiscussioN

Only Crystal White Wax was differentiated from
the other seeds based on seed weight, because in these
cultivars the weight of seeds was quite constant, which
agrees with the results of Moroto (1989) who indicates
that, in general, 250 seeds of onion weigh approximately
1 g. Cadger and Hall (2004) reported that, in barley,
the weight of seeds among varieties can vary by more
than 100%. They indicate that seed weight is an
important characteristic in commercialization because
it determines the approximate number of seeds per
unit of weight, which allows the calculation of the
amount of the required seed to sow. They did not find
any relation between seed weight and germination and
seed vigor. Considering the stability of the physical
characteristics in onion crops, Cook (1995) quotes
two researchs in which, by means of the analysis of
digitalized images of the shape of onion bulbs (Draper
and Keefe, 1989) and the bean pods (van de Vooren
and van der Heijden, 1993) a reliable identification
of varieties was achieved. McDonald et al. (2005)
developed a software to measure the length of seedlings
from digital images to determine a vigor index, with
the advantages of greater speed in the evaluation and
the elimination of errors of evaluator.

con Contessa, y Red Burgundy fue el cultivar menos
relacionado (Cuadro 1; Figura 2).

Discusion
Sélo Crystal White Wax se diferencié de los otros

cultivares con base en el peso de la semilla, porque en
estos cultivares el peso se mantuvo constante, lo cual

——CJ

—— CR

CT

TR

RB

0.56 0.61 0.67 0.73 0.78 0.83 0.89 095 1.00
Coefficient of similarity (Jaccard)

Figure 2. Dendrogram generated from patterns of proteins
analyzed by means of UPGMA group method and
Jaccard’s coefficient.

Figura 2. Dendograma generado de los patrones de proteinas
analizadas mediante el método de grupo UPGMA y el
coeficiente de Jaccard.
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Seed germination, a physiological variable, allowed
to differentiate the cultivar Contessa from Crystal
White Wax as they presented contrasting values.
Crystal White Wax presented the lowest germination
(56%) and it was differentiated from the other seeds
based on its lowest seed weight. Katepa-Mupondwa et
al. (1996) and TeKrony (2003) demonstrated that seed
weight is related to seedling vigor based on the fact that
maximum seed weights represent maximum amount of
reserves available for the embryo, condition reached
at the stage of physiological maturity. According
to these results, Crystal White Wax exhibited the
lowest speed of germination (T,)) contrasting with
Toro, Contessa and Red burgundy which presented
the fastest germination rate (52 h) (Table 1). The
cultivars Crystal White Wax and Contessa could be
differentiated from each other. Cojumatlan, Toro and
Red Burgundy are in a separated group of cultivars,
based on these variables. The seed of Red Burgundy
stored for more than a year in comparison with the
fresh seed of the rest of the other cultivars, presented
high (73%) and fast germination (52 h).

The success of protein analysis to clearly differentiate
the five onion cultivars depended on the extent of
polymorphism of seed proteins or protein variation
and a high sensitive method than does the standard
procedures. Precision is an essential component of
the methodology performed in this study: 1) proteins
were isolated from seeds selected at the moment of
germination, when the radicle protrution was <1 mm
long; 2) under this condition, only the proteins from
viable seeds are involved in our study, avoiding all those
protein that may be present in abnormal non-viable
seeds; 3) the methodological process and manipulation
of the materials was carried out with high precision to
assure the confidence of the results.

The protein analysis performed to the onion cultivars
demonstrated that each one of them has been clearly
differentiated. Low protein polymorphism is commonly
observed (Becerra y Paredes, 2000; Wang et al., 2000);
accordingly, a relatively small number of proteins
(27 maximum) were detected in this study. Of these
proteins, 55.55% and 14.28 % became polymorphic in
the case of cultivars Toro and Red Burgundy. It is
now accepted that each organism commonly undergo
significant modifications of its genome either through
a series of progressive punctual mutations, mechanism
that accounts for the generation of numerous alleles
at a single gene or by replacement of one or more
genes by the corresponding genes derived from another
organism (genetic recombination). The protein analysis
of seeds has allowed to detect the intraspecific genetic
variability present in these cultivars and based on it
differentiate each one from the rest.
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concuerda con los resultados de Moroto (1989) quien
indica que, en general, 250 semillas de cebolla pesan
aproximadamente 1 g. Segin Cadger y Hall (2004),
en cebada el peso de la semilla puede variar mas de
100% entre cultivares. Ellos indican que el peso de la
semilla es una caracteristica importante en la comer-
cializacion porque determina el nimero aproximado de
semillas por unidad de peso, lo cual permite calcular
la cantidad de semillas requeridas para sembrar. Ellos
no encontraron relacion entre el peso de la semilla,
la germinacion y el vigor. Considerando que los ras-
gos fisicos son estables en el cultivo de cebolla, Cook
(1995) menciona dos investigaciones donde mediante
el andlisis de imagenes digitales de la forma del bulbo
de cebolla (Draper y Keefe, 1989) y las vainas de fri-
jol (van de Vooren y van der Heijden, 1993) lograron
una identificacién confiable de variedades. McDonald
et al. (2005) desarrollaron un programa para medir la
longitud de la plantulas a partir de imagines digitales
para determinar un indice de vigor, con la ventaja de
mayor velocidad en la evaluacion y la eliminacién de
errores del evaluador.

La germinaciéon de la semilla, una variable fisio-
l6gica, permitié diferenciar el cultivar Contessa de
Crystal White Wax porque presentaron valores con-
trastantes. Crystal White Wax present6 la germinacion
mas baja (56%) y se diferencié de los demas cultivares
porque present6 el menor peso de semilla. Katepa-
Mupondwa et al. (1996) y TeKrony (2003) demostra-
ron que el peso de la semilla se relaciona con el vigor
de la plantula considerando que los pesos maximos de
semilla representan la méixima cantidad de reservas
disponibles para el embrién, condicién alcanzada en
el estado de madurez fisioldgica. De acuerdo a estos
resultados, Crystal White Wax presentd la mds baja
velocidad de germinacion (T, ) en contraste con Toro,
Contessa y Red Burgundy que exhibieron la germi-
nacién mas rdpida, 52 h (Cuadro 1). Los cultivares
Crystal White Wax y Contessa se pudieron diferenciar
entre ellos. Cojumatldn, Toro y Red Burgundy con
base a estas variables estdn en un grupo aparte. La
semilla de Red Burgundy almacenada por mas de un
afio en comparacion con la semilla fresca de los otros
cultivares, presentd alto porcentaje (73%) y rapida
germinacion (52 h).

El éxito del andlisis de proteinas para diferenciar
claramente los cinco cultivares se bas6 en la amplitud
del polimorfismo o variacién proteinica y un método
de alta sensibilidad que conforma los procedimientos
estandares. La precision es un componente esencial de
la metodologia usada en este estudio: 1) las proteinas
se aislaron de semillas seleccionadas en el momento de
la germinacion, cuando la longitud de la radicula fue
<1 mm; 2) bajo esta condicién sélo las proteinas de
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Most reserve proteins of seeds lack enzymatic
activity, are chemically stable and have been widely
utilized to identify genotypes (Hahn and Schoberlein,
1999; Pallares et al., 2000; Ferreira et al., 2000).

Chauhan er al. (2003) and Drzewiecki (2001)
performed studies to characterize by means of single
seed proteins varieties of Sorghum and Amaranthus;
however, they may be involving in such results the
protein from nonviable seeds. This may impact in
some extent their results, since the nonviable seeds
present in any commercial seed lot may vary from 0
to 20% (Rodo and Marcos-Filho, 2003).

CONCLUSIONS

The results revealed great differences based in the
physical and physiological traits of the onion seed
cultivars under study. Based on these variables the
cultivars Crystal White Wax and Contessa could be
differentiated from each other. Cojumatlan, Toro and
Red Burgundy were gathered in a separated group
of cultivars. It was demonstrated that based on their
specific patterns of seed proteins, each cultivar was
characterized. Precision was an essential component
of the methodology performed in this study to assure
the confidence of the results obtained.
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