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Abstract 

The search for high productivity and better post-crop quality entails an increase in the adoption of onion hybrids. One of the most employed methods by breeders to assess the heterosis gain is the diallel crossing, which, when concomitantly used with morphological and molecular markers, maximizes the chance of success. Thus, the present work aimed at estimating the genetic divergence and predicting heterosis and the combining capacity of lineages of onion obtained through partial diallel crossings. ISSR molecular and agronomic markers were used to achieve the goals. The genetic divergence between the 11 lineages of onion was estimated by making use of seven morphoagronomic characters and 10 ISSR primers. For the data analysis it was carried out the correlation of Pearson and Spearmann between the measures of genetic dissimilarity estimated by the generalized Mahalanobis distance (
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) and the Jaccard genetic dissimilarity coefficient with the estimates of heterosis, combining capacity and the mean of variables of the greatest importance for onions. The BD variable obtained the highest contribution (27,86%), demonstrating to be a relevant characteristic in the selection of genotypes. The use of ISSR markers can efficiently identify contrasting genitors for the production of onion hybrids, and the genetic dissimilarity estimated for both markers was efficient in the identification of experimental hybrids of onions for the variables studied. 
Key words: Allium cepa L.; Hybrids; Genetic improvement; ISSR.

INTRODUCTION 
The use of hybrids in the onion production has been consolidated (Ragassi et al., 2012), since bulb productivity and quality are higher if compared to outbreeding cultivars (May et al., 2007). Such perspective encourages the programs of improvement to seek lineages of good capacity for the development of hybrids, aiming at meeting the producers’ demand in the several growing environments (Quartieiro et al., 2014).

The hybrid vigor is expressed through heterosis and it is dependent on a high allele complementarity, obtained by means of the combination of contrasting genitors and a high productive potential (Cruz et al. 2011). For the determination of genetic divergence, the ideal is to employ multi-varied techniques that allow to simultaneously assess several characters, apart from estimating the genetic distance between genitors, assisting the breeder to target crossings between the most diverging genitors, increasing the possibilities to obtain productive hybrids in a shorter period of time (Cruz e Carneiro, 2003; Buzar et al., 2007; Santos et al., 2011; Wamser et al., 2012). 

The morphological markers have been widely used in the study of genetic divergence (Wamser et al., 2012). However, they present some disadvantages, such as the need to evaluate some variables in certain stages of the plant development, making its application difficult (Figueiredo et al., 2015). Nonetheless, when the morphological markers are conciliated with molecular methods, which are capable to provide estimates of genetic divergence based on DNA analysis, the data obtained present high reliability. 
The ISSR markers (Inter-Simple Sequence Repeat), which are based on the polymorphism of length between SSR regions (simple sequence repeat), are widely used because they present high efficiency in the detection of polymorphism, are low cost, are abundant in the genome and repeatable between laboratories, making this marker reliable for this kind of analysis (Aguilera et al., 2011; Chagas et al., 2015).
In literature, there are a few works that have tested the use of estimates of genetic divergence between onion genitors for the guidance in crossings (Buzar et al., 2007; Ragassi et al., 2012; Wamser et al., 2012). In this sense, the present work aimed at estimating the genetic divergence and predicting heterosis and the combining capacity of lineages of onion obtained through partial diallel crossings. Molecular and agronomic markers were employed to achieve the goals.

MATERIAL AND METHODS
Lineages and crossings

Eleven lineages of onion were assessed. They were kept by the “Núcleo de Pesquisa em Hortaliças (NUPH) (“Center for Research of Greenery”) of the UNICENTRO (“State University of the Center–West Region of Paraná”), in the town of Guarapuava, PR, Brazil, of the “Sakata Seeds Sudamerica Ltda” company. They were six S3 lineages, sterile male of the  “Super Precoce” pedigree (L4827, L4830, L4833, L4835, L4837 e L4839) and five S2 lineages, fertile male of the “Hiper Precoce” pedigree (granex type with some inter-crossings) (L4741, L4742, L4743, L4744 and L4746); they were used as female and male genitors, respectively, in a partial 6x5 diallel mating, according to the Griffing model (1956) adapted by Cruz (2006), resulting in 30 experimental hybrids.

The experiment was carried out in the field in a trial design of complete blocks with treatments at random with two repetitions, in the sector of olericulture of the NUPH (“Center for Research of Greenery”) of UNICENTRO, Guarapuava, PR, Brazil. Each portion was composed of 1.2 m2 of usable area (1.2m widtn x 1.0m length) with 80 plants distributed in eight lines, with spacing of 0,15m between lines and 0,10m between plants, with a population equivalent to 660 thousand plants ha-1.

The detailed description of the experimental lineages and hybrids used in the experiment is shown in quadro 1. 

Chart 1. Experimental lineages of onion and corresponding hybrids assessed in two different times of the year of 2014, in Guarapuava-PR. UNICENTRO, 2017.

	♀/♂
	L4741
	L4742
	L4743
	L4744
	L4746

	L4827
	HB4471
	HB4477
	HB4483
	HB4489
	HB4495

	L4830
	HB4472
	HB4478
	HB4484
	HB4490
	HB4496

	L4833
	HB4473
	HB4479
	HB4485
	HB4491
	HB4497

	L4835
	HB4474
	HB4480
	HB4486
	HB4492
	HB4498

	L4837
	HB4475
	HB4481
	HB4487
	HB4493
	HB4499

	L4839
	HB4476
	HB4482
	HB4488
	HB4494
	HB4500


Analyses of the morphological characters

Seven quantitative variables were selected with basis on the multicollinearity diagnosis for the study of genetic divergence: number of leaves per plant (NL), bulb diameter (BD), bulb productivity (BP), bulb firmness (F), pyruvic acid level (PAL), total level of soluble solids (SS) and percentage of dry mass(DM).

The genetic divergence between lineages, based on the morphoagronomic variables, was determined by means of a cluster analysis, employing the Modified Tocher optimization method, described by Cruz et al. (2012). At first, the estimate of the Mahalanobis generalized distance (D2) was taken, which is a measure of dissimilarity between lineages. Having obtained this set of distances, the lineages were gathered in groups, whose procedure of analysis adopts the criterion where the mean inter-group distance is shorter than any other inter-group distances. The highest mean value of the inter-group distance was established as the highest value of D2, obtained in the set of shorter distances involving each lineage.

In addition, the divergence between the lineages was assessed in scatter plots, as described by Cruz et al. (2012). At the same time, it was estimated the relative importance of the variables for the study of the genetic divergence, according to the methodology proposed by Singh (1981).

Molecular analyses

The DNA of each lineage was extracted from bulb internal cataphylls. The extraction was performed in accordance with the Doyle and Doyle methodology (1987). After being extracted, the DNA was dried and then re-suspended in ultra-pure water, and stored at -20ºC until it was used. The DNA of each sample was quantified by agarose gel electrophoresis 0.9% stained with ethidium bromide, using as standard known amounts of the λ fage DNA  (50; 100; 200 and 400 ng).


Ten ISSR primers developed by the University of British Columbia (UBC), Vancouver, Canada were used  for the DNA amplification. The amplification reactions of the DNA of each genotype via PCR were carried out at a final volume of 12,5 μL containing: 20 ng of DNA, 0,2 μM of primer, 200 μM of each dNTP, 1,5 mM of MgCl2 and 1U of Taq Polymerase DNA and 1X of buffer for PCR. For the PCR, the thermal cycler was programmed with an initial step of denaturation at 94ºC for 5 min, followed by 35 cycles at 94ºC for 45s, annealing temperature of primer for 45s and 72ºC for 90s. It was added a final stage of 72ºC for 7 min for the final extension of the fragments. 

The amplification products were visualized in agarose gel 1,8% stained with ethidium bromide (0,5 μg mL-1), subjected to the electrophoresis for 35 hours at 110 V. The outcome of the electrophoresis was visualized in UV light, and photo-documented with a digital system. The size of the amplified fragments was determined by comparison with the marker of molecular weight DNA Ladder 123 pb. 

In the molecular analyses, only the bands that presented good standard of resolution were considered. The individuals were genotyped according to the presence (1) and absence (0) of bands, and a binary matrix was built from these data. The percentage of polymorphism of each ISSR primer was calculated by the division between the total number of polymorphic fragments divided by total number of amplified fragments.

The genetic dissimilarity between the individuals was measured by the Jaccard coefficient, and the dendrogram of similarity between the individuals was represented by the UPGMA method (Unweighted Pair Group Method with Arithmetic Mean). The reliability of the dendrogram knots was obtained by the Bootstrap methodology, considering 1000 repeated samples. To determine the cut-off point in the dendrogram, it was employed the method proposed by Mojema (1977), and the cut-off point was obtained by the expression 
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are the mean and standard deviation of the distances corresponding to stage  j; k is a constant of de 1,25, as described by Cruz et al. (2011). In order to test the efficiency of the cluster method, it was calculated the cophenetic correlation coefficient (CCC). 

The analyes carried out were obtained with the help of the statistical software GENES (Cruz, 2013).

RESULTS AND DISCUSSION
Morphological Markers 

Phenotypic characteristics used in the study of genetic divergence should not be redundant (correlated with each other) and unchanged (absence of variation between the genotypes), so that the variables to be considered in the study should preserve the fundamental structure of the biological system which is being studied. Thus, for this study of genetic divergence, the criterion applied for the choice of the quantitative characteristics considered was the presence of significance for the effect of treatments (lineages) in the analysis of variance (p<0,05), and a value of weak multicollinearity between the variable selected responses. The multicollinearity is defined as the level in which any effect of variable can be predicted or explained by other variables, being a basic assumption of the cluster analysis, and when it is not practiced it may bring harmful results to the analysis (Cargnelutti Filho et al. 2009). The final value of multicollinearity observed for these seven characteristics was considered low (72,66) validating the cluster analysis carried out subsequently (Cruz, 2006).

Table 1: Estimates of the relative contribution (%) of each characteristic for the genetic divergence between the 11 genitors of diallel, with basis on the total participation of the Mahalanobis generalized distance (D2). UNICENTRO, 2017.
	Characteristic
	Contribution
(%)
	Accumulated
(%)
	Characteristic
	Contribution
(%)
	Accumulated
(%)

	BP
	11,86
	11,86
	SS
	15,97
	78,38

	BD
	27,86
	39,72
	DM
	12,39
	90,77

	NL
	14,76
	54,48
	PAL
	9,23
	100,0

	F
	7,93
	62,41
	-
	-
	-


BP: Bulb Productivity; BD: Bulb Diameter; NL: Number of Leaves; F: Firmness; SS: Soluble Solids; DM: Dry Mass; PAL: Pyruvic Acid Level.

The relative contribution of the agronomic variables and the quality of the onion for the study of genetic divergence was assessed by the method proposed by Singh (1981) and are shown in Table 1. The BD variable obtained the highest contribution (27,86%), revealing to be a meaningful characteristic in the selection of genotypes. To obtain a relative contribution above 80%, five variables were necessary, BP, BD, NL, SS and DM, that altogether add 82,84% of the genetic variability present in the accesses, highlighting the major role of these variables in studies of genetic divergence of onion cultivation. Nonetheless, it is important to point out that the F and PAL variables were indicated by the Singh method (1981) as the ones which contributed the least to the study of genetic divergence, 7,93% and 9,23% respectively (Table 1).

The Mahanalobis distance (D2) was 31,99% of dissimilarity, the shortest genetic distances between individuals were between genitors L4833 and L4827 (3,7), L4837 and L4833 (7,2), L4746 and L4743 (7,4), L4835 and L4833 (7,6) and L4835 and L4827 (7,9). However, the greatest D2 are allotted in genotypes L4744 and L4742 (92,5), L4827 and L4744 (74,4) and L4835 and L4744 (73,4) (Table 2).
Table 2. Mahalanobis generalized distance (
[image: image6.wmf]2

'

ii

D

) (above the diagonal) and genetic divergence in percentage values estimated by the Jaccard coefficient obtained by ISSR molecular markers (below the diagonal) between lineages of onion. UNICENTRO, 2017.
	
	L4741
	L4742
	L4743
	L4744
	L4746
	L4827
	L4830
	L4833
	L4835
	L4837
	L4839

	L4741
	0
	65.5
	38.1
	51.9
	44.2
	49.5
	11.6
	48.7
	58.1
	68.2
	20.1

	L4742
	75,0
	0
	44.3
	92.5
	39.6
	29.8
	53.9
	29.2
	17.4
	26.7
	61.2

	L4743
	47,7
	60,9
	0
	21.4
	7.4
	20.5
	15.2
	15.7
	21.6
	19.7
	9.9

	L4744
	47,4
	80,4
	51,1
	0
	47.2
	70.7
	44.9
	67.2
	73.4
	75.4
	15.8

	L4746
	67,4
	58,5
	47,8
	70,2
	0
	18.8
	15.7
	7.92
	15.1
	18.5
	23.4

	L4827
	52,6
	73,8
	70,0
	56,4
	65,9
	0
	20.2
	3.7
	7.9
	5.5
	27.8

	L4830
	60,5
	64,3
	50,0
	69,6
	38,5
	55,0
	0
	17.6
	28.8
	32.7
	10.1

	L4833
	58,3
	58,7
	60,0
	61,2
	45,7
	39,0
	44,4
	0
	7.6
	7.2
	27.9

	L4835
	60,0
	60,5
	58,8
	60,0
	50,0
	35,1
	37,5
	26,2
	0
	7.6
	37.9

	L4837
	65,2
	48,7
	68,5
	73,5
	55,6
	46,2
	51,2
	28,6
	32,5
	0
	40.3

	L4839
	59,5
	56,4
	58,3
	68,9
	45,0
	53,8
	35,1
	43,2
	40,0
	42,5
	0


The highest genetic dissimilarity (80,4) occurred between lineages L4742 and L4744 (Table 1) with the highest Mahalanobis generalized divergence (D2 92,5) (Table 2). Through molecular and agronomic characters it was noticed that these individuals are genetically divergent, even though they belong to the same group of genitors, formed by S2 lineage fertile male of the  “Hyper Precoce” pedigree (granex type with some crossings).

As for the dendrogram, the genotypes were divided into two groups (Figure 1). Lineages L4742 and L4744 remained isolated, proving that the dissimilarity values by Jaccard and dissimilarity by Mahalanobis corroborate with each other. Group I was formed by lineages L4827, L4833, L4837, L4835, L4743 and L4744, the lowest dissimilarity is present between lineages L4827 and L4833 (3,7 D2).  In group II the other three lineages were grouped, L4741, L4839 and L4830, being lineages L4839 and L4830 the closest (Figure 1), pointing out that the crossing between them is not favorable due to the low genetic divergence present, possibly because both are lineages of the same S3 family sterile of the “Super Precoce” pedigree.

Figure 1 – Dendrogram with the Mahalanobis generalized distance regarding the seven quantitative morphoagronomic characteristics in lineages of onions.
The use of morphological variables has effectively contributed to the genetic improvement of several cultivations (Barili et al., 2011). One of most employed methods to estimate the dissimilarity through morphological variables is the Mahalanobis generalized distance (D2), which allows to integrate multiple information of a set of characters, and quantify the genetic divergence, offering a greater opportunity of choice of the divergent genitors in an improvement program (Fonseca et al., 2006).

In literature, several authors report the use of the Mahalanobis coefficient to estimate the genetic distance in different cultivations. Antonio et al. (2013) studied the genetic diversity in 30 accesses of beans through morphological characteristics and observed the formation of eight groups demonstrating the great variability between the accesses. Rotili et al. (2012) assessed the genetic divergence of 81 genotypes of maize in the State of Tocantins through the generalized distance and Mahanalobis, and got to the conclusion that the productivity characteristic was the one which contributed the most in the genetic divergence of the genotypes. 

When analyzing the genetic divergence between the accesses of sweet potatoes using phenotypical characteristics of root, Silva et al. (2012), concluded that there exists the possibility to generate genetic variability by crossing the accesses of the different groups formed, since the most contrasting genotypes were grouped between the best for the variables analyzed. 

In the onion cultivation, Buzar et al. (2007) analyzed the genetic diversity of onion germoplasme via morphological, agronomic and biochemical descriptors, and reached the conclusion that the genotypes studied presented a relatively wide genetic basis, and that the study is important in the development of weeping populations. Wamser et al. (2012) noticed that there was a wide genetic basis in the program of genetic improvement for the development of new cultivars, by analyzing 12 morphological variables using the Mahanalobis distance in the onion cultivation.
Molecular markers
Seven out of the 10 ISSR primers reported amplification of quality and polymorphism (Table 3). The UBC-827, UBC-855 and UBC-866 primers were discharged from the analysis, as they did not present quality in the amplification and/or were monomorphic. 

The seven ISSR primers selected amplified 85 bands, from which 58 were polymorphic (Table 3). Each primer amplified an average of 12, 14 bands, being 8,28 of them polymorphic (Table 3). The mean polymorphism of the primers was 69,71%, and the size of the amplified bands varied from 185 pb to 1500 pb (Table 3).
The most polymorphic primers of this study were (AG)8C, 848 (CA)8AGG and 857 (AC)8CTG, presenting 78%, 86% and 89% of polymorphism, respectively (Table 3).

Table 3: ISSR primers employed in the assessment of genotypes of onion with their respective sequences of bases, annealing temperature (AT), amplification product (AP), total number of bands (TNB), total number of polymorphic bands (NPB), percentage of polymorphism (P), interval of bands size (BS) 
	Primer
	Sequence 5’-3'
	AT °C
	AP*
	TNB
	NPB
	P (%)
	BS (bp)

	UBC-807
	(AG)8T
	52
	· 
	13
	6
	46
	185-984

	UBC-808
	(AG)8C
	50
	· 
	9
	7
	78
	246-738

	UBC-810
	(GA)8T
	52
	· 
	11
	7
	64
	231-738

	UBC-827
	(AC)8G
	53
	-
	-
	-
	-
	-

	UBC-834
	(AG)8CTT
	52
	· 
	16
	9
	56
	211-1353

	UBC-836
	(AG)8YA
	53
	· 
	13
	9
	69
	246-1500

	UBC-848
	(CA)8AGG
	55
	· 
	14
	12
	86
	231-881

	UBC-855
	(AC)8CTT
	55
	-
	-
	-
	-
	-

	UBC-857
	(AC)8CTG
	54
	· 
	9
	8
	89
	184-738

	UBC-866
	(CTC)5
	55
	-
	-
	-
	-
	-

	Total
	-
	-
	-
	85
	58
	-
	-

	Mean
	
	
	
	12,14
	8,28
	69,71
	-


The ISSR markers have been widely used in the detection of polymorphism in onions, and the percentage of polymorphism has varied, 79,48% Qijiang et al. (2007), 71,9% Tsukazaki et al. (2015), 80% Wamser et al. (2014). In this work, the polymorphism found was 69,71%, which is considered high, since the lineages assessed here have an intermediate level of homozygosis, originated from two distinct groups with respect to the original germoplasme. 

The mean genetic dissimilarity between the lineages of onion estimated by the Jaccard coefficient through ISSR molecular markers was 49,5%, varying from 26,2% between genitors L4833 and L4835 to 80,4% between genitors L4742 and L4744 (Table 2), suggesting genetic variability between the genotypes studied. 

The coefficient of cophenetic correlation (r) obtained with the distances of Jaccard genetic dissimilarity was 0,84, demonstrating adequate adjustment between the graphic representation of the distances and its original matrix (Figure 2). The consistency of the dendrogram branches reflects the genetic divergence between the allotted accesses in a certain group, indicating that the groups formed in the dendrogram actually bring together the most similar genotypes. Such information is of major importance to the improvement, since, in general, the most similar genotypes are not used in crossings, because, in these cases, the production of individuals with a high heterotic value is not expected. 
The cut-off point obtained according to Mojema (1977) was 0,46, dividing the dendrogram into two groups (Figure 2). Group I was formed by lineages L4741, L4743 and L4744, which obtained values of genetic dissimilarity of 47,7%, 47,4% and 51,1% among each other (Figure 2). Group II was formed by lineages L4746, L4830, L4833, L4835, L4837 and L4839 (Figure 2), and the lowest genetic dissimilarities were obtained between lineages L4833 and L4835 (26,2%) and L4833 and L4837 (28,6%) (Table 2), which presented the shortest distance in the dendrogram, coming up homogeneous; however, the crossing among each other was not performed, as they formed the same group of genitors. From the crossings carried out, the lowest value of genetic dissimilarity was obtained between lineages L4746 x L4830 (38,5%), (Table 2) and the HB4496 hybrid obtained negative values of heterosis and CEC in six out of the ten variables analyzed, demonstrating low estimates of heterosis for the production  of bulbs (H = 2,9 t ha-1) and CEC (sij = -0,55 t ha-1), proving that crossings between lineages with high genetic dissimilarity are not favorable for obtaining hybrids.
Lineage L4742 remained isolated in the dendrograms, with the highest value of dissimilarity (80,4%) along with lineage L4744 (Figure 2). However, because it was carried out a partial diallel crossing in which the genitors are divided into two groups, it was not possible to perform the crossing between these lineages, since they were part of the same group of genitors. According to Maluf (1983), genitors that present higher estimates of genetic dissimilarity are those which, when combined, pose a higher probability to produce highly heterotic individuals for different agronomic characteristics. 

Figure 2. Dendrogram of genetic dissimilarity between eleven lineages of onions cultivated in Guarapuava-PR. 
It is important to point out that lineage L4742 presents phenotypic characteristics appropriate to the onion improvement, being an important genitor in the program of genetic improvement, mainly when there is an attempt to seek productive and highly heterotic hybrids. Two of the hybrids that obtained the highest estimates of CEC and heterosis in the set of the variables analyzed reported lineage L4742 as the genitor, proving its efficiency in the acquisition of promising hybrids. 

Molecular markers are capable to identify segments of DNA present throughout all the plant genome; thus, it is not a general rule that the individuals with lower genetic similarity present the highest estimates of CEC and heterosis, since markers are capable to mark random regions of the DNA that may or may not be linked to regions of importance (Souza Junior, 2001).

Significant estimates (p>0,05) of correlation were not observed for either Person or Spearmann between the 
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with heterosis, specific capacity of combination and mean of the PAL and BP variables, demonstrating that the 
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estimates cannot be directly employed in the choice from which genitors will have to be combined to originate highly productive and heterotic hybrids (Table 4). On the other hand, for variable BD, it was observed correlation coefficients of Pearson and Spearmann of low magnitude, even though significant (p<0,05) between 
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 and the mean observed in their respective hybrids (Table 4), suggesting that the hybrids with the highest mean for BD originated from the combination of genetically divergent genitors. The same level of significance was observed in the correlation between 
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 and H, making 
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a good option for targeting the most promising crossings, making it easier the procedure to obtain hybrids of onion with great BD.
Table 4: Correlation coefficients of Person and Spermeann between the estimates of the Mahalanobis generalized distances (
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), index of  Jaccard dissimilarity, mean heterosis (H), specific capacity of combination (Ŝij) and the mean of the variable of bulb productivity (PB, t ha-1), bulb diameter (DB, mm) and pyruvic acid level (TAP, µmol g-1) observed in 44 hybrid combinations obtained via a partial dialed.
	Variable
	
	Pearson
	
	Spearrmann
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	Jaccard
	H
	Ŝij
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	Jaccard
	H
	Ŝij

	
	Jaccard
	-0.23
	
	
	
	
	-0.281
	
	
	

	BP
	H
	-0.181
	0.262
	
	
	
	-0.249
	0.3
	
	

	
	Ŝij
	-0.219
	0.273
	0.902**
	
	
	-0.142
	0.273
	0.876**
	

	
	Mean
	-0.268
	0.15
	0.817**
	0.726**
	
	-0.382
	0.091
	0.848**
	0.751**

	BD
	H
	-0.442*
	0.337
	
	
	
	-0.459*
	0.337
	
	

	
	Ŝij
	-0.142
	0.336
	0.653**
	
	
	-0.306
	0.421
	0.673**
	

	
	Mean
	-0.384*
	0.211
	0.829**
	0.622**
	
	-0.487*
	0.19
	0.861**
	0.661**

	PAL
	H
	0.164
	-0.419*
	
	
	
	0.193
	- *0.423*
	
	

	
	Ŝij
	-0.108
	-0.157
	0.641*
	
	
	-0.306
	0.421
	0.637*
	

	
	Mean
	0.171
	-0.302
	0.804**
	0.856**
	
	0.213
	-0.289
	0.831**
	0.661


The absence in the occurrence of correlation for BP may be related to the fact that it is a quantitative characteristic, where there can occur two-dimensional dominance, where the loci may go to opposing directions, since only the presence of genetic divergence does not guarantee heterotic gains, since heterosis depends on the dominance and epitastic interactions, and not only on the differences in the allele frequency (Oliboni et al, 2013) 
Positive and highly significant correlation coefficients (P<0,01) were obtained for both, Pearson and Spearmann, between mean and heterosis, mean and specific capacity of combination, and heterosis and specific capacity, indicating that the hybrids with higher phenotypic values for variables BP, BD and PAL were obtained from hybrid combination of high heterosis and specific capacity of combination (Table 4). Thus, the hybrids of higher heterosis were originated from hybrid combinations of higher specific capacity of combination. The estimate of heterosis and specific capacity of combination are genetic parameters that are intimately related, since both depend on gens of non-addictive effects (Cruz et al, 2012).    
The importance of variables in the study of genetic divergence can also be assessed before the magnitude of the weighting coefficient from the last canonic variables; those characters that demonstrate higher magnitude must be excluded in future studies (Cruz et al. 2011). This way, considering the weighting coefficients of the last two canonic variables, it is observed that variable DM (CV7 and weighting coefficient 0,561) must be excluded in future studies (Table 5). However, it is worth to point out that according to the Singh method (1981) variable F was reported as the one that contributes the least to the study of genetic divergence, and it must be excluded in the forthcoming studies of genetic divergence in onions.
Table 5: Self-values (λi) corresponding to the variation percentages explained by canonic variables (CVi) and relative importance of seven agronomic quantitative and quality characteristics assessed in 10 lineages of onion.

	CVi
	Self-values
	
	Relative importance of the characters

	
	λi
	% acum
	
	BP
	BD
	NL
	  F
	SS
	DM
	PAL

	CV1
	8.68
	54.28
	
	1.318
	-0.771
	-1.354
	-0.400
	0.720
	0.954
	1.003

	CV2
	3.37
	75.33
	
	1.028
	0.684
	-1.129
	0.335
	0.398
	-0.018
	0.399

	CV3


	2.38
	90.22
	
	-0.329
	0.252
	0.910
	-0.638
	0.539
	0.198
	-0.477

	CV4
	0.98
	96.35
	
	0.068
	0.038
	-0.394
	-0.746
	-0.494
	0.490
	-0.495

	CV5
	0.32
	98.37
	
	-0.524
	0.371
	0.098
	-0.399
	0.032
	0.301
	0.733

	CV6
	0.25
	99.96
	
	-0.850
	0.292
	0.000
	0.086
	0.280
	0.564
	-0.071

	CV7
	0.01
	100.00
	
	0.026
	-0.031
	0.324
	0.336
	-0.395
	0.561
	0.167


Morphologic markers x Molecular markers
The assessment of the coefficients of dissimilarity obtained from the genetic divergence helps in the identification of the adequate parents to obtain highly heterotic hybrids with higher segregation during recombination, for further selection of the higher individuals (Morales et al. 2011).
The correlation coefficients of Pearson and Spearmann were not significant, presenting values of low magnitude, but positive ones between the genetic dissimilarity of the lineages of onion and the mean of their respective hybrids for variables BP and BD, which are, according to these statements, indicating that the hybrids with the highest BP and BD were originated from the combination of the more divergent lineages by the ISSR locus (Table 4). This way, the results of this work validate the ISSR molecular markers as an important tool in the prediction of the best hybrids of onions in relation to BP and BD, leading the breeder towards the combination of the lineages that may originate more promising hybrids, optimizing time and resources.
Correlations of higher magnitude, though not significant, were obtained in the correlations of Pearson and Spearmann, between genetic dissimilarity, heterosis and specific capacity of combination for variables BP and BD, demonstrating that a high genetic diversity between the lineages corresponds to gains in the heterosis, ensuring the acquisition of hybrids with high productivity.
In literature, there are a few works that correlate the values of genetic dissimilarity obtained with ISSR molecular markers with estimates of heterosis, specific capacity of combinations and means; most of these works apply genetic diversity to characterize germoplasme and use only the genetic distance. Figueiredo et al.(2015) assessed 10 lineages of industrialist tomato employing 12 ISSR primes, and correlated the genetic diversity with heterosis, specific capacity of combination and morphologic diversity. These authors proved through the correlation that genetic dissimilarity estimated by the ISSR molecular markers help in the identification of the best hybrids of industrialist tomato, supporting the results obtained for the cultivation of onions. The authors state that the ISSR molecular markers may help breeders target crossings to obtain promising hybrids.
To prove the results of the correlations of Pearson and Spearmann, it can be taken as an example the hybrid combination L4744 x L4837, where it can be observed an estimate of heterosis of 31,12% and mean for the production of bulbs of the experiment of 49,57 t ha-1 (Table 6). The significant value of productivity and of the heterosis is explained by the specific capacity of combination existing between lineages L4744 and L4837 (7,32 t ha-1), demonstrating that one lineage was capable to correct and/or complement the other’s flaws in the locus involved in the control of bulb productivity. On the other hand, the least divergent hybrid combination by the ISSR markers, formed by genitors L4746 and L4830, reported a relatively lower total bulb production (34,59 t ha-1) (Table 6), heterosis of low magnitude (only 9,34% above the parent’s mean) and negative specific capacity of combination (-4,45 t ha-1); this a sign that these lineages share, in higher frequency, the same allels involved in the control of total bulb production, and have, this way, no genetic complementarity (Table 6).
Table 6: Estimate of genetic dissimilarity between contrasting lineages of onions and genetic parameters observed in hybrid combinations of onion obtained via diallel crossing for bulb productivity (BP, in t ha-1), bulb diameter (BP, mm) and pyruvic acid level (PAL, µmol g-1).
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	L4744 x L4837
	75,9
	68,5
	48,57
	7,33
	31,12
	
	58,7
	-1,93
	19,53
	
	4,95
	-0,88
	32,26

	L4746 x L4830
	15,7
	38,5
	34,59
	-4,45
	9,34
	
	54,1
	1,02
	12,94
	
	3,96
	-0,26
	-27,45


CONCLUSIONS
The correlation coefficients of Pearson and Spearmann are not different in the correlation between the estimates of Mahalanobis, Jaccard, mean heterosis, specific capacity of combination (Ŝij), and the means of the variables bulb productivity, bulb diameter and pyruvic acid level. The genetic dissimilarity estimated for both markers was efficient in the identification of experimental hybrids of onion for the variables bulb production, bulb diameter and pyruvic acid level. The use of ISSR molecular markers can efficiently identify contrasting genitors for the production of hybrids of onion. The highest divergence assigned by the molecular and morphoagronomic markers was to genitor L4742, resulting in an increase in the values of specific capacity of combination and heterosis in the crossing it took part.
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