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ABSTRACT. Plant breeders need to understand the genetic diversity
and relationships between genotypes to choose parents of segregating
populations. We evaluated the genetic diversity of 35 soybean genotypes
and determined their potential as parent lines in breeding programs by
analyzing their agronomic traits and microsatellite markers. Phenotypic
analysis was carried out in the field at Fazenda Capim Branco, a research
station of the Federal University of Uberlandia. Nine microsatellite
markers and seven agronomic traits in were evaluated in 35 conventional
soybean genotypes. Genotypes were grouped by UPGMA and Tocher
cluster analyses, and molecular analysis was used to calculate
polymorphism for each microsatellite locus. Nine microsatellite markers
amplified 26 alleles, ranging from two to four. Polymorphism varied
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between 0.29 and 0.66, and averaged 0.44. The number of days to
maturity was the characteristic that contributed the most to vyield
(29.44%). Seven potential parents (G11, G12, G16, G21, G22, G26 and
G33) had average grain yields higher than 5000 kg ha™. UPGMA and
Tocher methods identified groups from the matrix of phenotypic and
molecular data. Hybrids of G11, G12, G16, G22, G26 and G33
genotypes segregated promising populations with superior genetic
variability.
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INTRODUCTION

Soybean (Glycine max) is the most important legume crop worldwide, and it is the
main source of many products (grain, oil and soy flour) that are key to various production
chains (Sediyama et al., 2015). The soybean cultivated area has undergone a great
expansion in recent years, across many environmental conditions, from the highest to the
lowest latitudes (Sediyama et al., 2012).

Brazil is the second largest soybean producer in the world. The planted area in the
2018/2019 season was 35.79 million hectares, with a total registered grain yield of 120
million tons. Brazil is also the world’s largest soybean exporter and is expected to expand
this lead in the coming years (CONAB, 2018).

Increases in soybean production are the consequence of the opening of new
agricultural frontiers combined with progress in breeding, which obtained annual genetic
gains of 0.59%, or 18.3 kg.ha™, from 2006 to 2016 (Mezzalira, 2017), contributing to
effectively meet growing food demand (Sentelhas et al., 2015). Brazilian breeding programs
aim for adaptation to different environments by concentrating on seed physiological quality,
nutritional composition of grain, suitability for human consumption, disease resistance,
adaptability and, especially, grain yield (Almeida et al., 2011; Santos et al., 2011; Zhang et
al., 2013). Genetic variability is essential to a breeding programs success. Breeders
recommend out-crossing superior and divergent cultivars to form a base population. Hybrid
combinations have high heterosis and segregated generations that also have a high chance to
present transgressive genotypes (Almeida et al., 2011; Cruz et al., 2012; Streck et al., 2017).

Genetic divergence among parents can be measured based on agronomic,
morphological and molecular traits (Santos et al., 2012). These traits allow the identification
of parents to form segregating populations. Genetic complementarity and gamete fusion can
bring out new genotypes via sexual reproduction processes (Cruz et al., 2011). However,
Brazilian soybean germplasm originated from a narrow genetic base with few ancestral
lineages (Yokomizo et al., 2013). It is not possible to determine the genetic dissimilarity
between cultivars only by agricultural and morphological differences due to the large
number of cultivars in the market. Because of this limitation, DNA markers have been
widely used (Silva, 2015).

Molecular markers provide unique tools that can reveal polymorphisms in DNA
sequence to discriminate genetic variation between individuals and within populations.
These tools differ in variation, advantages and cost limitations, analysis time, accuracy and
efficiency (Caixeta et al., 2013). Genetic patterns help to select germplasm sources for
specific purposes (Igbal et al., 2015).
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Microsatellites or simple sequence repeats (SSR) have been widely used to evaluate
soybean genetic diversity because they have a high degree of polymorphism, co-dominant
inheritance, PCR-based detection, allelic diversity and the possibility to identify soybean
genome markers position (Narvel et al., 2000; Priolli et al., 2010; Igbal et al., 2015). The
utilization of markers could organize germplasm into gene pools to simplify breeder choice
and reduce the number of combinations.

Multivariate cluster analysis of phenotypic and molecular data indirectly selects
genotypes and allows separation into homogeneous groups. This separation potentializes the
heterogeneity between groups (Cruz et al., 2016). Despite their importance for breeding,
studies based on molecular markers cannot replace essential field phenotyping evaluations.
The genetic diversity analyses of phenotypic and genotypic traits complement each other.
These analyses can select superior genotypes with greater accuracy and adopt introgression
breeding methods that transfer valuable traits to commercial cultivars (Mulato et al., 2010).

We evaluated the genetic diversity of 35 soybean genotypes that have the potential
of being parents in breeding programs, based on agronomic traits and microsatellite
molecular markers.

MATERIAL AND METHODS

The field experiment (phenotypic analysis) was carried out at the Fazenda Capim
Branco (18°52’ S; 48°20° W and 805 m of altitude), a research station of the Universidade
Federal de Uberlandia (UFU), in Uberlandia, Minas Gerais, during the 2011/2012 growing
season. The area where the experiment was carried out has soil classified as Latossolo
Vermelho-Escuro (Brazilian classification system) and has been under soybean cultivation
for over 10 years. A composite sample of soil was collected before starting the experiment
for chemical and physical analyses, and for liming and fertilization purposes.

Soil preparation was done using a conventional tillage system consisting of one
plow and two disc-harrow operations/passes. Before sowing, furrows were plowed across
the area. The soil was fertilized according to the analysis and recommendations for the crop
(EMBRAPA, 2013). We evaluated 35 soybean lines from 14 biparental crosses of the
soybean breeding program at UFU. The experimental design was a randomized complete
block with three replicates. The plot area consisted of two lines of soybeans, four meters
long and spaced by 0.5 m. The seeds were treated with Fludioxonil and Thiamethoxam —
commercially available as Maxim® XL and Cruiser® 350 FS, respectively — both at a rate
of 200 mL of product for every 100 kg of seeds; seeds were inoculated with
Bradyrhizobium japonicum. The seeding rate was 20 seeds per meter planted at three cm
depth. The plants were thinned at the V1 stage (Fehr and Caviness, 1977) with the goal to
establish a plant density of 30 plants per square meter, adopting a population density of
300.000 plants per hectare. Weed control was made with pre and post emergence
herbicides, supplemented by hand-weeding when necessary. Diseases and insects were
controlled according to appropriate technical recommendations for soybeans (EMBRAPA,
2013).

The agronomic traits that were evaluated are a priority in the UFU's breeding
program. These traits were assessed by visual observations and measurements according to
soybean stages of development, as proposed by Fehr and Caviness (1977):
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a) Plant height at flowering (PHF): the heights, in centimeters, of five randomly
selected plants were evaluated in each plot; they consist of the distance between the soil
surface and the main stem apex of each plant.

b) Plant height at maturity (PHM): the heights of five plants, randomly selected in
each plot, were measured, in centimeters. These measurements consisted of the distance
between the soil surface and the main stem apex of each plant at the R8 reproductive growth
stage, in which 95% of the pods would have reached their mature color.

¢) Number of days to flowering (NDF): this corresponds to the number of days from
seedling emergence to flowering when 50% of the plants have an open flower on the main
stem (R1).

d) Number of days to maturity (NDM): this considers the number of days from
emergence to physiological grain maturity in the field when 95% of pods are mature (R8).

e) Insertion Height of the first pod (IHFP): this is the distance (cm) from the soil
surface to the insertion point of the first pod on the plant’s main stem, measured in five
plants at the R8 stage.

f) Total number of pods (TNP): five plants were measured at random in each plot.
The number of pods per plant was counted and averaged;

g) Grain yield (GY) (kg.ha™): the grain yield was obtained from the harvest of each
plot. Harvested material was threshed, and the grains were cleaned and weighed. The data
(grams per plot) was converted to kg.ha™, and yield was corrected to 13% moisture. The
molecular analyses were carried out in the laboratory.

Ten leaves of each genotype were randomly selected, placed in paper bags and
transported to the laboratory, where they were stored in silica gel. DNA extraction from
soybean leaves was performed following the protocol described by Doyle and Doyle
(1990), with some modifications as described below. An aliquot of 200 mg of leaf tissue
was ground in liquid N, 1 mL of CTAB extraction buffer and 20 mg of proteinase K were
added the ground tissue at 65° (Tris-HCI 50 mM pH 8.0; EDTA 50 mM pH 8.0; NaCl 0.7
M, B-mercaptoetanol 1% (v/v); CTAB 1% (w/v) and PVP). Samples were transferred to 2
mL microtubes, homogenized, and incubated in a 65°C water bath for 45 min. The tubes
were inverted every 15 min.

After incubation, 1 mL of isoamyl alcohol:chloroform solution (24:1) was added to
the samples. The resulting suspension was homogenized and centrifuged for ten minutes at
5,000 rpm. The supernatant was collected and transferred to microtubes. A solution of 95%
ethyl alcohol: 7.5 M ammonium acetate (6: 1) was added in a volume that corresponded to
three times the volume of the supernatant, and the product kept in a freezer (-20°C)
overnight.

The material was centrifuged again for 10 min at 5,000 rpm and the supernatant
was discarded. 200 uL of TE buffer (Tris-EDTA) was added to the pellet. The DNA was
precipitated again with the addition of a solution of 95% ethyl alcohol: 3M sodium acetate
(20: 1) in the amount of three times the suspension volume and kept in a freezer (-20°C) for
one hour. Then, the tubes were centrifuged for five minutes at 5,000 rpm. The supernatant
was discarded and the microtubes were inverted until the pellet was dry. 200 mL TE was
added to the DNA. The samples were stored in freezer. DNA was quantified b
spectrophotometric analysis (Nanodrop) and diluted to a final concentration of 10 ng.uL™.
The integrity of DNA was checked on an agarose gel (0.8% wi/v), stained with ethidium
bromide.

Genetics and Molecular Research 19 (1): gmr18105 ©FUNPEC-RP www.funpecrp.com.br


http://www.funpecrp.com.br

Genetic divergence in soybeans 5

The microsatellite markers were selected based on similar studies highlighting the
most polymorphic markers as well as the distribution in different linking groups and
soybean chromosomes. The sequences are available at http://soybase.com. The
microsatellite markers used in this study were: Satt 317, Satt 436, Satt 233, Satt 191, Satt
197, Satt 487, Satt 180, Satt 309 and Satt 178 (Liu et al.,, 2011, Oda et al., 2015 and
Tantasawat et al., 2011).

The PCR was performed in a final volume of 15 pL. The reagents were: 1X reaction
buffer containing MgCl,, 0.15 mM dNTPs, 0.4 uM of each primer; 20 ng genomic DNA; 1
U Taq polymerase (Code NB-NT-500D, Neotaq) and Milli-Q Water. The thermocycling
consisted of an initial DNA denaturation for 4 min at 94°C, followed by 30 cycles each
including the steps: DNA denaturation for 30 s at 94°C, primer annealing for 30 s at 50°C,
and extension by the enzyme Taq DNA polymerase for 45 s at 72°C. After the cycles, a
final 10 min extension period at 72°C was included.

The amplified fragments were separated on agarose gels (2% wi/v) using 0.5 X TBE
buffer (Tris-borate-EDTA) at 120 V for 2 h. The gels were stained with ethidium bromide,
visualized under ultraviolet light, and the image capture was made using a
photodocumentation system.

Statistical analysis for agronomic data

Genetic dissimilarity among all pairs of genotypes was evaluated through the
generalized Mahalanobis Distance (D%;) according to the following estimator:

D2;= § L5 (Eq. 1)

Where:

D%;-: generalized distance of Mahalanobis between genotypes i and i';

¥': Matrix of residual variances and covariance;

& [dl d2 dv] where dj = Yij - Yi'j;

Yj;: average of i-th genotype in relation to the j-th variable.

The genotypes were grouped by the hierarchical method of average linkage among
clusters (UPGMA) and Tocher’s optimization method (Rao, 1962) after the dissimilarity
matrix between genotypes was prepared.

The hierarchical method of average linkage among clusters (Unweighted Pair
Group Method with Arithmetic Average - UPGMA), was utilized to establish a dendrogram
for the genotypes with high similarity. In this dendrogram, the distance between the
genotype and the group of i and j is given by the equation:

d, +d,
d(ii)k: ‘ 2 x (Eq' 2)

The dissimilarity matrix was used, and then Tocher’s optimization grouping method
was applied (Rao, 1962). The first group consisted of genotypes whose dissimilarity was
lower; later other genotypes were included in the group by comparing the increase in
average value of distance in the group and a pre-established maximum permissible level of
dissimilarity measure found in the set of smaller distances involving each genotype. The
inclusion or not of each genotype was determined by:
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d (group)k
n

d

(group)k

<0 genotype k was included in the group (Eq. 3)

> 0 genotype k is not included (Eq. 4)

Where:

n = genotype number in the original group.

The distance between genotype k and the group formed by genotypes i and j was
given by:

O =+l (Eq. 5)

The relative contribution of each trait to genotypes dissimilarity was determined by
the Methodology of Singh (1981) according to the Sij statistic
2 _ o lgyl s =
D;=8"¥"3=%L Z;?:l o ddes (Eq. 6)
Where:
wjj-zthe element of j-th inverse column of variance and residual covariance matrix.

Statistical analysis of molecular data

The number of alleles per locus was determined from the gel profile analysis. The
frequency of alleles was evaluated from the occurrence in the different genotype classes.

For the molecular data analysis, the polymorphic information content (PIC) of each
microsatellite loci was calculated and evaluated through the frequency of alleles average
using the equation:

PIC = 133, p7 — Sijoy 52 022 (Ba.7)

Where:

A is number of locus alleles studied;

pi is the i-th frequency of locus allele studied:;

p; is the j-th frequency of locus allele studied.

A locus was considered polymorphic when PIC > 0.1 (corresponding approximately
to the situation in which the most frequent allele has a frequency lower than 0.95) and
highly polymorphic when PIC > 0.7 (Cruz et al., 2011).

The number of alleles evaluated the genetic distance between pairs of genotypes
using the index weighted complement (D = 1-S) as a dissimilarity measure is given by:

Sii= ziZjLzl P;Cj (Eq. 8)

Where:
3

P= A Weight associated with locus j given by:

Cj: total number of locus alleles j;
L: total number of studied alleles.
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Ziip=l (Eq. 9)

Where:

p;: number of common alleles among pairs of genotypes i and i'

L: total number of studied alleles.

The genotypes were grouped by the hierarchical method of average linkage among
clusters (UPGMA) and Tocher's optimization method (Rao, 1962), in the same way as the
phenotypic data evaluation, and after obtaining the dissimilarity matrix between genotypes.
The co-optic correlation coefficient was evaluated to determine the degree of fit between
the dissimilarity matrix and the respective dendrogram for both analyses (phenotypic and
molecular). The analyses with carried out with the Software for Experimental Statistics in
Genetics (GENES) (Cruz, 2016).

RESULTS

Significant differences (P < 0.05) were detected by the F test for all traits, except for
insertion height of the first pod. This was an indicator of the genetic variability among the
genotypes. The different groups formed by the Scott-Knott test also highlighted the genetic
variability for the traits (Table 1).

The number of generated groups varied from one in insertion height of the first pod
(to four in number of days to maturity). Similar results were found by Almeida et al. (2013),
who evaluated the agronomic performance of 30 soybean genotypes according to eight
traits; they obtained from one to five groups.

Two groups were formed with the highest average (84.77) for G9 considering the
total number of pods, followed by G28 (79.22). The shortest vegetative stage was the
genotype G31 with 41 days to flowering; G3 had a delayed start of the reproductive stage at
53 days, but this was less than the highest average NDF found by Ferreira Janior et al.
(2015). These authors reported a value of 56.6 days to flowering in their evaluation of the
genetic diversity and agronomic performance of advanced and superior soybean groups
from biparental, quadruple, and octuple crosses.

The greatest plant height at flowering and maturity was found for G18 (52.40 cm)
and G33 (78.20 cm), respectively. The plant height at flowering and maturity influenced
plant lodging. According to Nogueira et al. (2009) plants that grow tall with thin stems tend
to lodge easily.

Hamawaki et al. (2010) evaluated the agronomic performance of 24 soybean
genotypes for the conditions of Minas Gerais and found an average plant height at flowering
of 86.8 cm, higher than the one found in our study. The insertion height of the first pod
ranged from 7.20 (G11) to 16.53 cm (G18), which is lower than that found by Amorim et al.
(2011), who evaluated seven cultivars of soybean in found sowing stages and reported
values between 18.05 and 15.73 cm.

Regarding the number of days to maturity, the earliest genotype was G11 at 110
days and the later, G3 at 139 days. G11 was superior to G3, since it presented precocitly,
which is one of breeding programs’ goals, as well as a higher grain yield (5608.89 kg.ha™),
23.93%. Genotype G22 had the highest yield, 5884.44 kg.ha™, 38.41% higher than the total
average obtained, 4251.30 kg.ha™, and higher than the results obtained by Amorim et al.
(2011), 2953.71 kg.ha™.
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Table 1. Averages of seven agronomic traits evaluated in 35 cultivated genotypes of soybean in
Uberlandia, MG*.

GENOTYPES TNP NDF PHF NDM PHM IHFP GY
Gl 5480 b 4833 A 4527 a 12600 C 6213 b 1227 a 440000 b
G2 5853 b 4867 A 3940 b 13133 B 6947 a 1240 a 417333 b
G3 4165 b 5233 A 4467 a 13900 A 7292 a 1258 a 436444 b
G4 5100 b 4700 A 4147 b 12733 C 5473 ¢ 1133 a 368889 b
G5 7723 a 4667 A 3920 b 12500 C 5447 ¢ 1000 a 373333 b
G6 5547 b 4933 A 4833 a 13700 A 5980 b 913 a 419556 b
G7 4167 b 4767 A 4540 a 12667 C 6220 b 1067 a 482667  a
G8 5680 b 4433 B 3527 b 11733 d 4373 ¢ 887 a 332444 b
G9 8477 a 5033 A 5173 a 12667 C 6107 b 1113 a 413333 b
G10 4827 b 4800 A 4853 a 12367 C 6867 a 1113 a 422222 b
Gl1 5803 b 4267 B 3953 b 11000 d 5300 ¢ 7.0 a 560889  a
G12 6395 a 4900 A 4553 a 12800 C 5953 b 807 a 528889 a
G13 69.03 a 4633 A 4307 b 13000 B 6827 a 987 a 218667 b
G14 5267 b 4700 A 4193 b 12367 C 6033 b 1060 a 410667 b
G15 6163 a 4933 A 4247 b 12367 ¢ 6140 b 1227 a 377778 b
G16 6830 a 4700 A 5137 a 12200 ¢ 6200 b 920 a 549333 a
G17 6700 a 4833 A 5233 a 12667 ¢ 5987 b 1160 a 448889 b
G18 69.00 a 5167 A 5240 a 12600 ¢ 6493 a 1653 a 457778 b
G19 7360 a 4400 B 3253 b 12133 ¢ 5707 b 927 a 373333 b
G20 5817 b 4833 A 4380 a 12600 ¢ 5057 ¢ 1120 a 419556 b
G21 3453 b 4700 A 3933 b 12600 ¢ 5893 b 1153 a 540445 a
G22 4507 b 4633 A 4480 a 12600 c 5780 b 1307 a 588444  a
G23 6133 a 4833 A 4707 a 12733 ¢ 6300 b 1060 a 425778 b
G24 6862 a 4533 B 3513 b 13200 b 5500 c 9.87 a 403555 b
G25 3967 b 4800 A 4387 a 12800 ¢ 5847 b 1187 a 409778 b
G26 6127 a 4933 A 4847 a 13200 b 5933 b 1213 a 565333 a
G27 7507 a 4800 A 4707 a 12600 ¢ 6167 b 953 a 457778 b
G28 7922 a 4767 A 4153 b 12200 ¢ 5453 ¢ 1053 a 391111 b
G29 5587 b 4800 A 4853 a 12333 ¢ 6607 a 1227 a 441778 b
G30 6730 a 4667 A 3567 b 12600 ¢ 4613 ¢ 993 a 334222 b
G31 5623 b 4100 B 3680 b 11200 d 5560 c 1060 a 448889 b
G32 6417 a 4300 B 4060 b 11200 d 5667 b 1100 a 261333 b
G33 6763 a 4767 A 5000 a 12733 c 7820 a 1407 a 508445 a
G34 5082 b 4667 A 4313 b 12667 ¢ 5800 b 993 a 347555 b
G35 6733 a 4567 B 3920 b 11467 d 5300 c 920 a 303111 b
Average 60.16 47.29 4358 125.10 56.67 10.90 4251.30

The relative contribution of each agronomic trait from the genetic divergence
evaluation can be shown by the multivariate analysis. The relative contribution of each trait
is shown in Figure 1, highlighting number of days to maturity. This was the most important
trait and it contributed with more than 29.44% of the divergence, followed by plant height
at maturity, total number of pods, and number of days to flowering (18.45, 15.10 and
15.08%, respectively). The other traits had a small magnitude, indicating that they had
relatively little participation in the divergence discrimination.

Ringon et al. (2012) found similar results for some traits and different results for
others when evaluating genetic divergence among 18 soybean cultivars based on six
morphoagronomic traits. They concluded that the most important trait was insertion height
at the first pod, with 23.02% importance, followed by number of days for maturity and plant
height at maturity, with 23.28 and 18.80%, respectively. Bharadwaj et al. (2009) studied the
genetic divergence among 85 soybean genotypes and two controls (commercial cultivars)
concluded that the two most important trait for genotype divergence contributing 43% with
all genetic dissimilarity; similar results were found in our study for two of the most
important traits with 47.89%.
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Figure 1. Relative contribution of the seven traits: total number of pods (TNP); number of days to flowering
(NDF); number of days to maturity (NDM); plant height at maturity (PHM - cm), insertion height at the first pod
(IHFP - cm) and grain yield (GY - kg.ha™), to quantify the genetic divergence among 35 soybean genotypes.

Grain yield had a contribution of 9.70%. This indicates that the higher the
productivity variation among genotypes, the greater genetic divergence between genotypes.
This result was higher than what Pel(zio et al. (2009) found, who evaluated genetic
divergence among 14 soybean cultivars and obtained a relative contribution to grain yield of
3.74%. Similar results were found by Bharadwaj et al. (2009) (3.4%).

Figure 2 is a dendrogram showing dissimilarity of genotypes based on agronomic
traits. The cophenetic correlation coefficient was 0.72 indicating that the graphical
representation is in agreement with dissimilarities among the pairs of genotypes.
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Figure 2. Dendrogram of genetic dissimilarity among 35 soybean genotypes resulting from the cluster analysis by
UPGMA method and according to the generalized distance of Mahalanobis (D?). Cophenetic correlation
coefficient (r): 0.72**. ** Significant at 1% probability by the T test.
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According to Barroso and Artes (2003), a cophenetic correlation coefficient equal
or higher than 0.70 shows a good fit between graphical representation of genetic distances,
the genotypes, and their original matrix. Accordingly, the results in this study (0.72)
exceeded the established limit and were similar to those of other studies that evaluated
divergence in soybeans (Barosso and Artes, 2003; Bharadwaj et al., 2009; Pelizio et al.,
2009; Mannan et al., 2010).

The UPGMA criterion established an initial group of similar genotypes. Then, the
distances were calculated considering the first group formed (Cruz and Carneiro, 2006).
Group delimitation is usually subjective, but considers points of high-level change in the
dendrogram (Cruz et al., 2011).

When 27% dissimilarity was used as a cutoff in the dendrogram, which is a
significant threshold by the Mojema test, the genotypes were separated into 10 groups.
Three of the groups, G18, G13 and G3, remained alone, thus presenting high divergence in
relation to the others.

The genotypes in each group:

- Group 1: G5, G28, G19, G24 and G30;

- Group 2: G10, G29, G1, G14, G15, G7, G25, G4, G20, G34, G23, G27, G17,
G12, G16 and G9 (group 2 consisted of the greatest proportion of genotypes studied, 43%);

- Group 3: G6 and G26;

- Group 4: G21 and G22;

- Group 5: G2 and G33;

- Group 6: G18;

- Group 7: G13;

- Group 8: G11 and G31;

- Group 9: G32, G35 and G8;

- Group 10: G3.

Group 1 comprised the genotypes with yields above 3300 kg.ha™, medium to late
cycle, over 120 days, and lower insertion height of first pod. Group 2 was composed of
several genotypes for the traits, from high yield genotypes, for example G16 (5493.33
kg.ha™), to genotypes with below-average yield of 3475.55 kg.ha™, for example G34.

Group 3 allocated genotypes later than those in group 1, with 134.5 days of NDM
average and PHM of 59 cm. Group 4 had the highest grain yield average, 5644.45 kg.ha™,
and same parental lines. Both groups 6 and 7 were formed by one representative genotype
each and comprised the genotypes with the highest IHFP (16.53 cm) and lowest GY
(2186.67 kg.ha™), respectively. Genotypes of group 9 had the second lowest average among
the gr?ups, 2989.62 kg.ha™, and the genotypes of group 10 presented a yield of 4364.44
kg.ha™.

The Mulato et al. (2010) study used the UPGMA method and obtained five groups;
the group with the largest number of genotypes had only 29.1% of the genotypes, which
was lower than the results found in our study. These group formations through the UPGMA
method are useful for parents selection in future crosses since the new hybrid combinations
must be based on the magnitude of their dissimilarities and potential per se (Almeida et al.,
2011). Thus, genotypes in different groups indicate higher dissimilarity and are promising
for artificial hybridizations. However, in addition to divergence, parents need to associate
high averages and variability in traits (Sousa et al., 2015).
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According to grouping by Tocher's method (Rao, 1962) based on the dissimilarity
matrix expressed by the Mahalanobis distances (D?), the distribution of genotypes gave 12
groups, two more than the grouping by the UPGMA method (Table 2).

Table 2. Grouping of 35 soybean genotypes by Tocher’s method and generalized distance of Mahalanobis
as a measure of genetic distance based on the seven agronomic traits.

Group Number of genotypes Genotypes

17 G5, G28, G27, G23, G17, G1, G29, G14, G15, G12, G34, G4, G20, G7, G10, G25, G16
G32, G35, G8

G21, G22

G11,G31

G24, G30

G2,G33

OO ~NOOOEWNPE
PRPPPRPNNDNMNDNDNDND®

=
N
[

G19

* Averages followed by equal letters belong to the same group according to the Scott-Knott test at 10% of probability.
TNP: total number of pods (TNP); NDF: number of days to flowering (NDF); PHF: plant height at flowering (PHF) in
cm; NDM: number of days to maturity (NDM); PHM: plant height at maturity (PHM) in cm; IHFP: insertion height of
the first pod (IHFP) in cm and GY: grain yield (GY) in kg/ha.

Group 1 was of major importance because it included almost half of the genotypes.
Group constitution had a similarity between the methodology of intra-group linkage average
and Tocher’s optimization method. Genotypes classification in groups based on the two
methodologies was predominantly coincident, but presented some exceptions. Group G28
was in same group as G24 and G30 according to the UPGMA, but G28 was in separate
group considering Tocher’s method. G19 was isolated by Tocher’s methodology, but in the
UPGMA it was in the same group as G5 and G28 genotypes, which agrees with what was
found by Mulato et al. (2010) and Sousa et al. (2015).

Table 3 shows microsatellite loci distributed across eight linking groups of soybean
genome (H, D1a, A2, G, B1, C1 and K) according to genetic divergence evaluation among
genotypes by molecular analysis using microsatellite markers.

Table 3. Polymorphic primers used in evaluation of 35 soybean genotypes, specifying genome localization
(GL), chromosome (Cr), allele frequency and polymorphic information content (PIC) values.

. 1 Frequency of allele Alleles

Primers GL Cr. 1 2 3 7 number PIC
Satt 317 H 12 0.14 0.77 0.08 3 0.34
Satt436 Dla 1 0.20 0.28 0.51 3 0.54
Satt 233 A2 8 0.26 0.74 2 0.30
Satt 191 G 18 0.20 0.57 0.23 3 0.51
Satt 197 B1 11 0.11 0.23 0.34 0.31 4 0.66
Satt 487 0 10 0.08 0.80 0.11 3 0.31
Satt180 C1l 4 0.14 0.25 0.60 3 0.48
Satt 309 G 18 0.23 0.54 0.23 3 0.53
Satt 178 K 9 0.23 0.77 0.08 2 0.29
Total 26

Average 2.88 0.44
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Nine microsatellite markers amplified 26 alleles, ranging from 2 to 4 and averaging 2.88
per marker. Microsatellites - (Satt 233), (Satt 317, Satt 436, Satt 191, Satt 487, Satt 180, 309 Satt
and Satt 178) and (Satt 197) - had two, three and four alleles, respectively, similar to the results
obtained by Vieira et al. (2009). They analyzed 53 soybean cultivars with 111 polymorphic
primers and found one band of 2 to 4 alleles per SSR locus, with an average of 2.20.

Zhang et al. (2013) evaluated the genetic divergence among 48 soybean genotypes
using 22 SSR markers and found 71 alleles with an average of 3.23 alleles per locus. Ribeiro et
al. (2013) genotyped of 30 soybean cultivars and found 2 to 7 alleles per locus, with an average
of 3.85, which is 34% higher than the average found our study. Evaluating the genetic
divergence through microsatellite markers of 138 soybean cultivars, Priolli et al. (2010) found
from 2 to 8 alleles per SSR locus.

Allele frequencies data calculates the probability of sibling identity and probability of
exclusion, thus indicating whether two samples have the same genotype (Schuster et al., 2006).
The allele frequency varied from 0.08 to 0.80 when primers 178 Satt and Satt 487 were used.

Polymorphic information content (PIC), which reflects the frequency and allelic
diversity among the genotypes, ranged from 0.29 (Satt 178) to 0.66 (Satt 197), with an average
of 0.44. This value was higher than that found by Zhang et al. (2013), who reported values of
PIC between 0.14 and 0.63, with an average of 0.38. Liu et al. (2011) found values between 0.11
and 0.60 with an average of 0.26 when evaluating 91 soybean cultivars. Differences in the
content data of microsatellite markers occurred because of the number of genotypes involved in
each evaluation since there is a greater chance to find alleles when the number of genotypes is
also high. The highest PIC value was 0.66 for the primer Satt 197, which was the most
polymorphic. To be considered polymorphic, the locus should have a value higher than or equal
t0 0.7 (Cruz et al., 2011).

Genetic dissimilarity between genotypes utilized the complement of the index weighted
by the number of alleles according to the dendrogram based on the dissimilarity matrix (Figure
3). This dissimilarity showed that the cophenetic correlation coefficient was 0.74, significant at
1% probability by the T-test, which indicates a good fit between graphical representation of
genetic distances between genotypes and their original matrix. Other studies had similar results
when they evaluated genetic divergence using microsatellite markers (Singh et al., 2010; Liu et
al., 2011; Jun et al., 2011; Tantasawat et al., 2011; Ribeiro et al., 2013; Zhang et al., 2013).

Figure 3 Dendrogram generated through the average linkage grouping (UPGMA) methodology based on genetic
dissimilarity matrix composed of 35 soybean genotypes and evaluated by utilizing nine microsatellite markers.
Cophenetic correlation coefficient (r): 0.74, which is significant at 1% probability by the T test.

Genetics and Molecular Research 19 (1): gmr18105 ©FUNPEC-RP www.funpecrp.com.br


http://www.funpecrp.com.br

Genetic divergence in soybeans 13

Eleven groups were formed with different numbers of genotypes each when
using 48% of dissimilarity as a cutoff in the dendrogram. Group 1 had 12 genotypes
(Figure 3). The clustering of genotypes by Tocher’s methodology (Table 4) and the
molecular analysis was in accordance with the dendrogram. However, G9 was observed
as an additional group of isolated genotypes. G7 was not in the same group as G8 in the
UPGMA.

Table 4. Grouping of 35 soybean genotypes by Tocher’s method and the weighted dissimilarity for the
number of alleles matrix based on nine microsatellites markers.

Group Number of genotypes Genotypes

11 G7,G25, G13, G16, G21, G11, G32, G34, G3, G2, G30
G10, G24

G14, G20, G27, G28
G12,G23, G4

G6, G31, G15

G1, G5, G22

G8, G17

G19, G33

G18, G26

G35

G29

G9

O©oOoO~NOTO s WNPRE
N

PRPEPNNDNDOWOWWS

Sequence of primers available at http://soybase.org/resource/ssr.php

The genetic divergence study aims to identify parents who present ideal and
divergent traits. In this context, considering that a fundamental trait in soybean breeding
is grain yield, seven potential parents are displayed in Table 5, which had averages
higher than 5000 kg.ha™. Among the seven genotypes, some were in the same group
according to groupings through the UPGMA and Tocher’s method, obtained from the
matrix of phenotypic and molecular data.

Table 5. Grouping of potential genotypes according to dendrogram obtained from the UPGMA and
Tocher’s method.

Grouping of genotypes

Phenotypic data Molecular data
G12e G16 G11, G16e G21
B G26 G26
C G2leG22 G22
D G33 G12
E G11 G33

Considering biparental crosses, 21 combinations would be possible assuming
that using divergent and high yielding parents is advisable. Only 11 crosses of the total
combinations are possible (Table 6), because some crosses that are indicated by clusters
of phenotypic data cannot be found based on molecular data and vice versa.
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Table 6. Possible biparental crossings of soybean considering seven potential parents.

Crossings
G12 G16 G26
G12 x G26 G16 x G22 G26 x G33
G12x G21 G16 x G33 G26 x G11
G12 x G33 G16 x G33 G26 x G22
G12x G11
G12 x G22
CONCLUSIONS

Agronomic traits and microsatellite markers are effective tools for soybean genetic
diversity studies. These tools allowed detecting significant genetic variability among
soybean genotypes. Hybrids among G11, G12, G16, G22, G26 and G33 genotypes are
promising for developing segregating populations with superior genetic variability.
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