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ABSTRACT - Viability and vigor of seeds are physiological attributes influenced by a myriad of factors including the genotype. 
Biochemical profiling of maize seeds and its correlation with their physiological quality is of crucial importance in breeding 
programs that the aim is seeds of better quality. The main goal of this study was to analyze the genetic diversity among maize 
inbred lines and evaluate the biochemical components that have an important role in physiological quality of seeds. The 
seeds of the inbred lines and hybrids were submitted to viability test, vigor by the accelerated aging and cold tolerance, and 
biochemical profiling (total protein content, soluble proteins, total phosphorus, phytate, inorganic phosphorus, starch and 
soluble sugars). The genetic divergence between the inbred lines found, prompt us to conclude that genetic gains may exist in 
association with physiological quality of maize hybrids. Seeds with higher inorganic phosphorus and soluble sugars presented 
superior physiological quality than seeds with lower levels of those compounds.

Index terms: vigor, viability, genetic divergence, stored reserves, Zea mays.

Perfil bioquímico e seu papel na qualidade fisiológica de sementes de milho

RESUMO - A viabilidade e o vigor de sementes são atributos fisiológicos influenciados por uma série de fatores, incluindo 
o genótipo. O perfil bioquímico das sementes de milho e sua correlação com a qualidade fisiológica são importantes para 
programas de melhoamento que objetivam obter sementes de melhor qualidade. O objetivo deste estudo foi analisar a 
diversidade genética entre as linhagens de milho e avaliar os componentes bioquímicos que têm um papel importante na 
qualidade fisiológica das sementes. As sementes das linhagens e dos híbridos foram submetidas ao teste de viabilidade, vigor 
pelo envelhecimento acelerado e tolerância ao frio e a determinação do perfil bioquímico (teor de proteína total, proteínas 
solúveis, fósforo total, fitato, fósforo inorgânico, amido e açúcares solúveis). A divergência genética encontrada entre as 
linhagens permite concluir que os ganhos genéticos podem existir em associação com a qualidade fisiológica dos híbridos de 
milho. As sementes com maior teor de fósforo inorgânico e açúcares solúveis apresentaram qualidade fisiológica superior à 
das sementes com níveis menores desses compostos.

Termos para indexação: vigor, viabilidade, divergência genética, reservas armazenadas, Zea mays.

Introduction

Seeds represent the basis for successful food production in 
the agriculture and quality attributes are of important significance 
for this success. Among the attributes of seed quality, viability 
and vigor play an important role. The use of seeds with high 
vigor determines its potential for rapid, uniform emergence and 
development under a wide range of field conditions (Ventura et 
al., 2012; Rajjou et al., 2012). The establishment and growth 
of seedlings has been claimed to be initially supported by 

the hydrolysis and conversion of stored reserves, proteins, 
carbohydrates and lipids (Bewley et al., 2013).

Environmental conditions prevailing during seed 
formation and agricultural practices (fertilization and sowing 
dates) may cause changes in the chemical composition of 
the seeds. Thus, variations can be observed depending on 
the species, variety, flowering physiology, nutrition and 
environmental conditions (Marcos-Filho, 2005). These 
factors can interfere the ability of seeds to germinate under 
different environmental conditions, and moreover, the 
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genotype influence genetic and biochemical processes, 
associated with germination and vigor (He et al., 2014). Seeds 
with greater vigor have more reserves of proteins, lipids, and 
carbohydrates. These findings may be related to the fact that 
high vigorous seeds have a higher starch content, soluble 
proteins and sugars, and greater capacity to mobilize reserves 
during the germination period (Henning et al., 2010; Kim 
et al., 2011). Seed vigor has been claimed to be related to 
different pathways such as those involving sulfur aminoacids, 
lipid and starch mobilization and protein synthesis. Proteins 
are important as their provide seeds with metabolic capacity 
to overcome cellular damage during stress conditions and 
are also involved in the control of germination (Rajjou et 
al. 2012). Carbohydrates (i.e., starch, sucrose, raffinose, 
stachyose, verbascose), are involved with the provision of 
respiratory substrate, integrity of membranes, viscosity of the 
cytoplasm and other processes that interfere with germination 
and seed vigor (Bernal-Lugo and Leopold, 1995). 

Although significant advances involving the study of 
the biochemical composition associated with germination 
and vigor, have been made, studies relating the genetic 
characteristic that affect seed physiological quality are scarce 
in the literature. The identification of superior genotypes 
with better physiological quality is important in a breeding 
program, since these characteristics are genetically inherited 
from the parents (Santos et al., 2012). 

In other hand, studies involving biochemical profiling 
requires data integration from different sources and 
differentiated statistical interpretation, with the use of 
appropriate statistical models that consider the complexities of 
these processes. In this sense, the use of supervised statistical 
methods, such as partial least squares regression (PLSR), has 
become an important tool in the study of biological processes 
(Varmuza and Filzmoser, 2009). This method allows making a 
relationship between biochemical composition with viability 
and vigor of seeds. The objective of the study was to analyze 
the genetic divergence between the inbred lines and evaluate 
the role of biochemical components in the physiological 
quality of maize seeds.

Material and Methods

Five inbred lines of maize in the fifth generation of self-
pollination, hereinafter designed as CRI, VPA1, VPA2, HIB1 
and HIB2, were used in this study. The CRI inbred line was 
obtained from a landrace, VPA1 and VPA2 were obtained 
from commercial open-pollinated varieties and HIB1 and 
HIB2 inbred lines, obtained from single hybrids. Initially, the 
seed multiplication of inbred lines was conducted in season 

2014/2015 in São Miguel do Oeste, Santa Catarina State 
(Brazil). Concurrently, hybrid combinations were also obtained 
through artificial pollination of plants (1 x 3, 1 x 4, 1 x 5, 2 x 
1, 3 x 1, 4 x 1, 4 x 2 and 5 x 2). The first number indicated in 
the hybrid combination refers to the inbred line used as male 
parent. The number of hybrid combination refers to the inbred 
lines used as  parents: number 1 refer to CRI inbred line, 2 
refer to VPA1, 3 refer to VPA2, 4 refer to HIB1 and 5 refer 
to HIB2 inbred line. The maize ears were collected manually 
when seeds reached approximately 18% of moisture content. 
After that the maize ears were threshed, seeds dried in the shade 
until they reach 13% of moisture and stored in cold chamber 
with relative humidity of 50% and 12 °C temperature.

The physiological quality of seeds was evaluated by the 
germination test, cold tolerance, and accelerated aging test. 
The germination test consisted of four subsamples of 50 
seeds and was conducted according to Brasil (2009). The 
accelerated aging test was conducted, using four replications 
of 50 seeds each. Seeds were distributed on aluminum screens 
fixed on the inside of plastic boxes and 40 mL of water 
added. The boxes were closed and kept in an aging chamber 
for 72 h at 45 °C, according to Marcos-Filho (2005). After 
this period, the seeds were germinated at 25 °C and on the 
fourth day normal seedlings counting was carried out. The 
cold tolerance test was conducted using four replications of 
50 seeds each. Briefly seeds where placed between sheets of 
“germitest” paper, moistened with distilled water and kept in 
cold chamber at 5 ºC during seven days, and after this period, 
seeds were germinated and the normal seedlings evaluated 
according to Brasil (2009).

The total phosphorus, phytate, inorganic phosphorus, 
starch, soluble sugars, total protein and soluble protein were 
also evaluated. The total phosphorus content was quantified 
by the method proposed by Tedesco et al. (1995) and results 
were expressed in mg.g-1 of total phosphorus per seed dry 
weight. Total protein content was determined by an official 
method (AOAC, 1995), and results were expressed in mg.g-

1 of total protein per seed dry weight. Phytate content was 
determined as described by Latta and Eskin (1980), which 
is based on the formation of an iron-sulfosalicylic acid 
compound of dark blue staining (Wade reagent). Readings 
were taken in a spectrophotometer (Marte Científica - Spectro 
800S) at 500 nm. The results were expressed in mg.g-1 of 
phytate per seeds dry weight. The inorganic phosphorus 
content was determined using 0.100 g of dried ground seeds. 
The sample was extracted twice, for two minutes, with 4 mL 
of 12.5% trichloroacetic acid (w/v) in 0.025 M MgCl2 in a 
cold mortar. Each extract was centrifuged at 10,000 gn for 
10 min and filtered through Whatman number 1 filter paper 
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(Raboy and Dickinson, 1984). The filtered extracts were 
combined, diluted to 12.5 mL and inorganic phosphorus was 
determined colorimetrically, according to Chen et al. (1956). 
Results were expressed in µg.g-1 of inorganic phosphorus per 
seeds dry weight.

Soluble sugar was analyzed using the method of Clegg 
(1956). The sample was extracted twice. A 0.250 g of dried and 
ground seeds were added 25 mL 80% ethanol and incubating for 
7 min at 60 ºC. After sample was centrifuged for 15 min at 7000 
gn and the supernatant was stored. The sample was mixed with 
sulfuric acid and the anthrone reagent and then boiled until the 
reaction was completed. The solution was then allowed to cool 
and its absorbance was measured at 620 nm. The results were 
expressed in mg.g-1 of soluble sugar per seeds dry weight. For 
starch determination, after sugar extraction, each of the sample 
pellets were dried, resuspended in 20 mL H2SO4 0.2N and boiled 
for 2 hours. Supernandant were react with anthrone reagent 
according Clegg (1956), and reading in a spectrophotometer 
(Marte Científica - Spectro 800S) at 620 nm. The results were 
multiplied by 0.9 (glucose conversion factor to starch) and 
were expressed in mg.g-1 of starch per seeds dry weight. For 
soluble protein, samples of 0.5 g were ground in liquid nitrogen, 
homogenized within 10 mM potassium phosphate buffer (pH 7.5) 
containing 1mM of Ethylenediamine tetra acetic acid (EDTA), 
3 mM dithiothreitol (DTT) and 4% polyvinyl polypyrrolidone 
(PVPP), as described by Azevedo et al. (1998) and Garcia et 
al. (2006). The homogenate was centrifuged at 9000gn for 30 
minutes and used for protein determination according to the 
Bradford method (1976). The results were expressed in mg.g-1 of 
soluble protein per seeds fresh weight.

Statistical analyzes were implemented in R software (R 
Core Team, 2016), version 3.3.1. All statistical analyses were 
applied using the same software and data represented as mean 
± standard deviation of four replicates (n = 4) for physiological 
variables and three replicates (n = 3) for a biochemical 
attributes. Scott-Knott test was applied as mean comparison 
test where statistical differences were found (p<0.005) by 
analysis of variance (ANOVA). Principal component analysis 
(PCA) and hierarchical cluster analysis (HCA) was used to 
data set dimensionality reduction, find the relationship between 
genotypes and the main variables that contributed to sample 
similarity. Partial Least Squares Regression (PLS-R) was also 
applied with the main goal of identifying the biochemical 
parameters that most influenced physiological parameters.

Results and Discussion

Analysis of variance (ANOVA) of biochemical and 
physiological quality attributes of the inbred lines and hybrids 

indicated that there are significant differences (Figures 1, 2 
and 3).  The inbred lines CRI (1) and HIB1 (4) were superior 
in the germination test, with 93% and 99% of germination, 
respectively (Figure 1a). The VPA1 (2) inbred line presented 
higher vigor (71%) in accelerated aging, while, VPA2 (3) and 
HIB2 (5) were more sensible to accelerated aging, presenting 
31% and 4% of germination, respectively (Figure 1b).  The 
HIB1 inbred line, showed greater vigor by the cold test, 
with a germination of 91% (Figure 1c). Hybrid 1 x 3 had the 
highest percentage of normal seedlings in germination test 
(98%) (Figure 2a) and vigor demonstrated by accelerated 
aging test (Figure 2b) and cold test (Figure 2c), with 88% and 
91%, respectively. Hybrid 1 x 4 and HIB1 behave similarly 

Figure 1.	 Means for germination (a), vigor by Accelerated 
Aging test (b) and vigor by cold test (c) of five inbred 
lines of maize seeds. The means were separated by 
Skott-Knott test at 5% probability and vertical bars 
indicate ± standard deviation for n = 4 replications.
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physiological quality. This was possible because of hybrid 
vigour or heterosis. In this study, only three combinations 
presented positive heterosis for the germination test, 1 
x 3 (13.4% of heterosis), 1 x 5 (3.9%) and 5 x 2 (0.14% of 
heterosis). This result, as well as other studies, shows there is 
heterosis for germination. Nerling et al. (2013), when working 
with maize, obtained heterosis estimated that vary from -8.16% 
to +5.32% for germination test. However, it is different from 
results obtained by Reis et al. (2011), who observed a higher 
heterosis in the evaluation of 14 sweet corn genotypes, with 
variation of +4,39% and +15.62%. The results presented in 
this study indicate the possibility of obtaining hybrid seeds 
with excellent physiological quality. Among the vigor tests, 
accelerated aging presented higher estimates for heterosis. 
The heterosis variation range, for the accelerated aging test, 
was from +10.7% to +106.8%. It was possible to observe the 
germination of hybrid seeds, within the test conditions, was 
higher than their parental, indicating heterosis effect. The 
heterosis effect, as also observed by Nerling et al. (2013) and 
Prazeres and Coelho (2016).

The greater sensitivity observed in VPA2 and HIB2 
inbred line in accelerated aging test, may be associated with 
lower levels of soluble sugars present in seeds (Figure 3d). A 
significant and positive correlation (0.92) between the soluble 
sugar content and vigor in accelerated aging in inbred lines was 
found (Figure 4a). The results of correlation between soluble 
sugar and vigor by accelerated aging test, suggest that higher 
initial content of soluble sugar contributes to higher vigor 
of seeds for VPA1 inbred line. Santos et al. (2017) observed 
the ratio between the sum of oligosaccharides and the sum 
of the monosaccharide reducing sugars, presented a positive 
correlation with the accelerated ageing, cold test and seedling 
emergence in the field tests in maize. This result indicate that 
seeds with a higher initial content of soluble sugars could 
overcome the stress condition. The soluble sugars are substrate 
for enzymes involved in the respiratory process, such as 
glucose-6-phosphate dehydrogenase. This enzyme operates in 
the alternative pentose phosphate pathway and is responsible for 
maintaining an adequate level of NADPH in cells, and malate 
dehydrogenase, which catalyzes the conversion of malate to 
oxaloacetate, having an important role in the Krebs cycle. In 
addition, glucose-6-phosphate dehydrogenase, participates 
in malate movement through the mitochondrial membrane 
in other cellular compartments (Tunes et al., 2011). In wheat 
seedlings that low concentration of glucose enhance the 
activity of antioxidant enzymes, such as peroxidase, catalase 
and superoxide dismutase (Hu et al., 2012). Sugars, such as 
sucrose, fructose and trehalose function as osmoprotectants 
in regulating the osmotic adjustment, provide membrane 

Figure 2.	 Means for germination (a), vigor by Accelerated 
Aging test (b) and vigor by cold test (c) of eight 
maize hybrids. The means were separated by 
Skott-Knott test at 5% probability and vertical bars 
indicate ± standard deviation for n = 4 replications.

regarding germination and vigor by cold test (Figure 2c). 
Observing the hybrid 1 x 3, it is possible to verify that 

the inbred line CRI, used as a male parent, has obtained 93% 
for germination, 54% of vigor by accelerated aging test and 
67% by cold test (Figure 1). The inbred line VPA2, used as a 
female parent, obtained 80% of germination, 31% of vigor by 
accelerated aging test and 65% by cold test (Figure 1). This 
parents (CRI and VPA2), are not the best inbred lines, however, 
their combination was effective in obtaining seeds with better 
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Figure 3.	 Means for total phosphorus content (a), inorganic phosphorus (b), starch (c), soluble sugar (d), total protein (e) and soluble 
protein content (f) of five inbred lines of maize seeds. The means were separated by Skott-Knott test at 5% probability, and 
vertical bars indicate ± standard deviation for n = 3 replications.

protection and scavenge toxic ROS against various kind of 
stresses (Singh et al., 2015; Keunen et al., 2013). The non-
reducing sugar sucrose, in conjunction with raffinose and 
stachyose, is thought to be important in the stabilization of 
the membrane system and in the protection of proteins in 
dehydrated seeds (Singh et al., 2015).

The soluble protein content was negatively correlated 
with the vigor for cold test (-0.63) (Figure 4a). This result 
suggests that the initial protein content in soluble form 
(Figure 3f), does not bring advantages when the seeds are 
submitted to conditions of stress by cold, for example. Low 
temperatures induce peroxidation of the membrane lipids, 
and the production of reactive oxygen species, that require 
a repair system to fight against free radicals in an efficient 
manner. A negative correlation between the total protein, 
total phosphorus, phytate and starch with physiological 

response of seeds also was found, and a negative correlation 
between germination and starch content (-0.63) and the total 
phosphorus content (-0.65) (Figure 4b). Similar results were 
found by Santos et al. (2017), according these authors total 
protein and starch content are not correlated with vigour in 
maize seeds. Delgado et al., (2015), showing that the initial 
content of the reserve components was not the determining 
factor for the maintenance of the vigor in soybean seed. 
The results suggest that the germination and vigor may 
be associated with an efficient metabolism of hydrolysis 
and mobilization of reserves during the germination and 
not necessarily associated with a higher initial content of 
compounds as starch and phosphorus.

For better understanding the relationship between the 
biochemical components and the physiological response, 
that have not been identified in the correlation analysis, to 
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Figure 4.	 Correlation matrix of soluble (a) and forms of storage 
(b) of biochemical components and physiological data 
of five inbred lines of maize seeds. Highlighted values 
in this figure represent significant at 5% probability.

Figure 5.	 Scores of the first and second Principal Component 
(PCA) for biochemical composition and physiological 
response in five inbred lines of maize seeds.

determine the influence of each variable, to discriminate maize 
inbred lines for establish divergent groups to define strategy 
of genetic improvement, principal component analysis (PCA) 
was applied (Figure 5). Han et al. (2017) used PCA, to reveal 
distinct dynamic changes in metabolites between the embryo 
and endosperm during wheat germination. 

The total variance explained by the two principal 
components was 68.9%, being 38.3% and 30.6% for component 
1 (PC1) and 2 (PC2), respectively (Figure 5). According 
Varmuza and Filzmoser (2009), if in a score plot, using the 
first two PCs, more than about 70% of the total variance is 
preserved, the scatter plot gives a good picture of the high-

PC
 2

 (3
0.

6%
)

PC 1 (38.3%)

dimensional data structure. The loading values showed that 
HIB1 inbred line grouped in PC1+/PC2+ according to their 
germination and vigor by cold test. In PC1+/PC2-, VPA1 and 
HIB2 inbred line, grouped according to their starch content. 
In PC1-/PC2-, VPA2 inbred line grouped according to their 
total protein content, total phosphorus and soluble sugar 
contend. CRI inbred line grouped in PC1-/PC2+ according to 
their soluble protein content, inorganic phosphorus, phytate 
and accelerated aging. 

The loadings plots indicated those parameters that 
contributed to discrimination of the objects described in the 
scores plot. Quantitative  traits  phytate, cold test, soluble 
protein and inorganic phosphorus were  the  most  important  
for  explaining  the variation  in  the  PC1. Germination, starch 
and total protein were the most important for determining the 
variation in PC2. PCA identified traits which contributed most 
to the variation of the analyzed genotypes and can serve as 
a useful tool for facilitating the selection of characteristics 
associated with seed quality in maize breeding.

The inbred lines were separated according different 
biochemical components and it is not clear what component is 
more important for all inbred lines. The PCA analysis indicates 
that the sample VPA1, VPA2 and HIB2 were influenced by 
biochemical components, such as starch, total protein and 
total phosphorus (Figure 5). Thus, in a breeding program 
these inbred lines can used to improve starch, total protein 
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and total phosphorus in seed biochemical composition.
Cluster heatmap (HCA) of  all data set (biochemical 

composition and physiological quality parameters) and maize 
genotypes (hybrids, inbred lines).

Hierarchical clustering is an easy and intuitive method 
to mathematically define the similarity between two objects 
based on the Euclidean distance (Uarrota et al., 2014). Cluster 
heatmap  approach was also applied to all data set (biochemical 
composition and physiological quality parameters) and maize 
genotypes (hybrids and inbred lines). According to the cluster 
analysis six groups of genotypes were identified (Figure 6). The 
group one is formed by 1 x 5, 4 x 1 and HIB 1 genotypes, the 
group two by 2 x 1, 5 x 2 and VPA2, group three by CRI inbred 
line. Group four by 1 x 4, 4 x 2 and VPA1, group five by 1 x 3 
hybrid and group six is formed by HIB2 inbred line and 3 x 1 
hybrid. The identification of groups is important to the choice 
of the parents used in breeding programs. According Santos 
et al. (2012), genotypes from the same group are genetically 
similar and their combinations may cause inferior variability 
when compared with the other groups. The inbred lines in 
distant groups, is indicative of being genetic divergence and 
can be considered promising in artificial crosses. Moreover, 
the divergence and genetic relations studies regarding 
physiological quality and biochemical composition support 
the selection strategies, aiming at the quality of seeds.

The cluster heatmap revealed that the inorganic 
phosphorus content was the variable that most contributed 
to the groups (Figure 6), while total phosphorus content 
have smaller influence on the samples. Thus, the forms of 
phosphorus available, as phytate or inorganic phosphorus, are 
important parameters in the characterization and identification 
of differences in performance in the sample, compared to the 
total phosphorus content of the seeds. Total protein content 
was important for the differentiation of VPA1, VPA2 and HIB2 
in relation CRI and HIB1 inbred lines. Starch content, cold 
tolerance and germination also influenced HIB2, indicating 
that these parameters can be used to genotype characterization.

Although the inorganic phosphorus content is an important 
parameter for differentiating samples, the association of this 
component with the physiological response could not be 
identified. Thus, Partial Least Squares Regression (PLS-R) 
was applied to the data in other to verify if there is some 
degree of association between biochemical components and 
physiological quality in seeds, moreover, to verify the existence 
of other relations of cause and effect involving biochemical and 
physiological response components in the inbred lines.

According to the PLS-R, the soluble sugar and inorganic 
phosphorus content were the variable that most influenced the 
vigor by the accelerated aging test (Figure 7). The relationship 

Figure 6.	 Cluster heatmap (HCA) of all data set (biochemical 
composition and physiological quality parameters) 
and maize genotypes (hybrids, inbred lines), with 
cophenetic correlation coefficient of 88%.

between the soluble sugar content and accelerated aging has 
been identified previously by correlation analysis (Figure 4a), 
however, the direct influence of the inorganic phosphorus in 
the response of accelerated aging had not been previously 
identified. This component is essential for the synthesis 
of antioxidant enzyme systems, operating in the signaling 
and signal transduction (Raboy, 2009), important in stress 
conditions that require activation of a fast and efficient 
mechanism to combat the deterioration. Moreover, the 
inorganic phosphorus is associated with the starch hydrolysis, 
generating sugars that are used by the metabolism during 
germination by antioxidant enzymes in a stress condition. The 
analysis also indicates that the starch content and vigor by 
accelerated aging showed opposing relationship, suggesting 
that the larger initial content of starch cause a smaller vigor 
in accelerated aging. However, studies that observe the 
association between previously stored starch hydrolysis 
and the reserves mobilization during accelerated aging are 
needed to confirm this hypothesis. The PLS-R showed clearly 
the relationship between the biochemical composition and 
physiological response in this study.
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Figure 7.	 Scores of PLS-R component of association between biochemical composition and physiological response in five inbred 
lines of maize seeds.

Conclusions 

There are genetic divergence among the maize inbred 
lines, being promising to obtain seeds of better biochemical 
composition and higher physiological quality. The physiological 
quality of seed was positively influenced by higher initial 
content of soluble sugars and inorganic phosphorus.
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