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ABSTRACT
The aim of this study was to evaluate the diversity of phenotypic and molecular traits in soybean cultivars 
launched in forty years of breeding. The DNA was amplified with 42 microsatellite markers (SSR). Polymor-
phisms of 38 SSR markers were identified in polyacrylamide gel at 10%. 106 alleles were amplified with an 
average of 2.52 alleles per SSR locus. Polymorphism information content varied from 0 to 0.68 with an ave-
rage of 0.38. Genetic dissimilarities between pairs of cultivars varied from 0.4 to 0.6, 0.8 to 1.0 and 0.0 to 0.4 
for data obtained from SSR markers, coefficient of parentage and phenotypic characters, respectively. It was 
possible to verify the contribution of cultivars considered old, intermediate and recent as well as the genetic 
variability of the group of cultivars used, which remained the same over 40 years of breeding. It was also ob-
served that, with the combination of six microsatellite primers, it was possible to distinguish the 21 cultivars 
used in this study; and that microsatellite markers showed less biased estimates compared to the estimates 
obtained by the parentage coefficient and phenotypic characters in studies on genetic diversity.
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INTRODUCTION
Soybean (Glycine max (L.) Merr.) is one of the most important 

crops in Brazilian agribusiness. The expectation for the 2013/2014 
Brazilian harvest is that the domestic production reaches a record 
level of 85,442,500,000 tons of grains (Conab 2014), becoming 
increasingly realistic the projection that Brazil will become the 
world's largest producer of soybean in the coming years (Sedi-
yama et al. 2009). Part of this great success is due to the genetic 
improvement programs of various research institutions and Bra-
zilian universities.

Studies have shown that, despite the large number of exist-
ing varieties of soybean in Brazil, there is little genetic variation 
among them, mainly because they originate from a few ancestors, 
which results in a narrow genetic base (Hiromoto and Vello 1986; 
Miranda et al. 2007; Wysmierski and Vello 2013). However, there 
are studies in the literature indicating that the genetic diversity of 
the soybean germplasm used in breeding programs in Brazil has 
remained generally constant in recent years (Priolli et al. 2004; 
Bonato et al. 2006). Furthermore, it is possible to detect signifi-
cant genetic variability in the Brazilian soybean germplasm even 
among elite cultivars when using microsatellite markers selected 
by their informativeness (Vieira et al. 2009). Plant breeders have 
measured the magnitude of genetic diversity of soybean cultivars 
by the coefficient of parentage, morphological traits and molecu-
lar markers (microsatellite).

The coefficient of parentage has been used to study the genetic 
diversity and to understand models of breeding programs of soy-
bean (Cox et al. 1985a; Hiromoto e Vello 1986; Vello, Hiromoto 
and Azevedo. 1988; Gizlice, Carter and Burton 1993; Gizlice, 
Carter and Burton 1994; Sneller, 1994; Gizlice et al., 1996; Bha-
radwaj et al., 2002; Priolli et al. 2002; Fu, Peterson and Morrison 
2007; Wysmierski and Vello 2013), wheat (Triticum aestivum L.) 

(Cox et al. 1985b), barley (Hordeum vulgare L.) (Graner, Lud-
wing and Melchinger 1994) and coffee (Coffea arabica L.) (Se-
totaw et al. 2013).

Studies of genetic diversity in soybean have been conducted 
using morphological characteristics (Nelson et al. 1987; Nelson 
et al. 1988; Almeida, Peluzio and Afférri 2011; Cunha, Hamawa-
ki and Sousa 2013). 

Although morphological and agronomic traits are useful in 
assessing genetic diversity, they are highly influenced by the en-
vironment, and the collection of this information requires a great 
amount of time. DNA markers are attractive alternatives because 
they are virtually unlimited in number. They also have a high de-
gree of polymorphism, independence between the environmental 
effects and the physiological state of the plant and can be ar-
ranged within the linkage map.

The microsatellite markers, also called SSR (Simple Sequence 
Reapeat), enable widespread use in breeding programs, since they 
are co-dominant, multi-allelic and capable of providing a high 
level of genetic information per locus (Lanza, Schuster and Gui-
marães 2000). In addition, they have proven to be an excellent 
tool for assessing genetic distance between individuals, for cul-
tivar identification and for pedigree analysis (Priolli et al. 2002). 
There are several studies using molecular markers to estimate the 
genetic diversity of different characteristics among accessions 
(Rongwen et al. 1995; Doldi, Vollmann and Lelley 1997; Priolli 
et al. 2004; Fu, Peterson and Morrison 2007; Vieira et al. 2009; 
Guan et al. 2010; Velusamy, Toan and Park 2013; Bizari et al. 
2014; Dong et al. 2014).

Studies on genetic diversity not only serve as a basis for un-
derstanding the genetic basis of soybean of different gene pools, 
but they also help to identify new sources of genes to increase the 
productivity and quality of the soybean (Fu, Peterson and Mor-
rison 2007). This is because the success of any breeding program 
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depends on the complete knowledge and understanding of the 
diversity of the available germplasm (Setotaw et al. 2013).

Thus, the objective of this study was to evaluate the genetic 
contribution of old cultivars to recent cultivars that show some 
ancestry, to select a set of SSR primers able to distinguish 21 
cultivars, to obtain information on the diversity character to be 
used in improvement programs, to conduct associations between 
estimated diversity based on phenotypic traits, genealogy and 
molecular markers and to estimate their genetic distance.

MATERIAL AND METHODS
Genetic material

The soybean cultivars used in this study are listed in Table 1. 
They are cultivars from different breeding programs, launched in 
the market at different times and adapted to different regions 
of Brazil and the world. During the selection process of these 
cultivars, their genealogy and launch period were used as crite-
ria.  Akin cultivars with different launch periods were selected, 
which had been through 40 years of soybean breeding, i.e., the 
difference between the oldest and the newest/most recent launch 
period. 

DNA extraction
DNA extraction from 21 cultivars was obtained from a bulk of 

ten seeds taken from each cultivar through a maceration process. 
One sample from each of the ten seeds described by McDonald 
at al. (1994) was used, with some modifications.

 Extraction buffer (700 µl) containing Tris-HCl 0.2 M (pH 
7.5), NaCl 0.28 M, EDTA 0.25 mM and SDS 10% was added 
to Eppendorf tubes of 1.5 ml containing approximately 50 mg of 
ground seeds of each analysis unit.  Samples were macerated and 
then centrifuged for 10 min at 14,000 rpm. The supernatants were 
transferred to new tubes with the addition of 10 µl of proteinase 
K (10 mg/ml) and 10 µl of CaCl2 1 mM and placed in water bath 
at 55 °C for 1.5 hours. Subsequently, 900 µl of isopropanol were 
added to the samples and left to stand for 2 min. Then, they were 
centrifuged for 10 min at 14,000 rpm. The supernatants were dis-
carded and the pellets were washed once with ethanol 70% and a 
then again with alcohol 90%. After the washings, the precipitates 
were placed to dry for 15 min at room temperature. Subsequently, 
they were re-suspended in TE (Tris HCl 10 mM. EDTA1 mM. 
pH 8.0) containing 60 µg/ml of RNAse A and placed in a water 
bath for one hour. The samples were again precipitated by the 
addition of 900 µl of isopropanol and left for precipitation for 
two minutes. Immediately after, they were again centrifuged for 
10 min at 14,000 rpm and the supernatants were discarded. The 
precipitates that were formed were resuspended in the end, in TE 
(Tris HCl 10 mM. EDTA 1 mM. pH 8.0). DNA quality was es-
timated by spectrophotometry, considering the A260/A280 ratio. 
The concentration was estimated from the absorbance at 260 nm, 
according to Sambrook, Fritsch and Maniatis (1989). 

A part of each one of the samples was stored, undiluted, at -20 
°C, for later use and the work solution was diluted to the concen-
tration of 10 ng/µL and stored at 5 °C.

SSR markers and amplification conditions. The 42 microsatel-
lite markers used in this study (Table 2) were selected based on 
information from articles and theses on polymorphisms in soy-
bean. The primers used in the characterization of cultivars were 
synthesized by Invitrogen Life Technologies, GibcoBRL and 
MWG-Biotech.

The microsatellite reactions were performed in micro tubes of 
0.2 ml at a total reaction volume of 15 µL, containing PCR buffer 
(100 mM of Tris-HCl and 500 mM of KCl, pH 8.0), 2.5 mM 
of each deoxyribonucleotide (dATP, dTTP, dGTP e dCTP), 20 
mM of MgCl2, 6 µM of each primer (forward and reverse), a unit 
of Taq polymerase enzyme and 40 ng of template DNA.

The amplifications were carried out in Perkin-Elmer thermal 

cyclers (GeneAmp PCR System 9600) using a touch down pro-
gram. This program consisted of one denaturation cycle at 94 °C 
for 4 min, an annealing stage at 65 °C for 40 seconds, followed by 
10 touchdown cycles decreasing 1o C every cycle to 55 °C, fol-
lowed by 30 cycles of 55 °C for 40 seconds each. In each cycle, the 
respective denaturation (94 °C / 40 seconds) and polymerization 
(72 °C / 1 minute) temperatures were maintained. The final stage 
of the program consisted of one cycle of polymerization at 72 °C 
for 7 minutes. The separation of DNA fragments, which were 
amplified in PCR, was performed in a 10% polyacrylamide gel.

Parentage coefficient estimation. Parentage coefficient was es-
timated between the 21 cultivars used in this study, combining 
them in pairs, and using a total of 210 combinations of cultivars.  
Some assumptions have been adopted to calculate  the coefficient 
of parentage (CP): (1) ancestral cultivars were considered unre-
lated - CP = 0; (2) cultivar derived from simple crossover receives 
half of its genes from each parent - CP = 0.5; (3) all parents were 
considered homozygous and homogeneous; (4) parents whose 
genealogy is not known were considered uncorrelated  - CP = 
0; (5) considered CP = 1 between a cultivar and itself; (6) con-
sidered CP = 0.75 between a cultivar and another obtained from 
this selection; (7) considered CP = 0.56 between two selections 
obtained from the same cultivar (Bowman, May and Calhoun 
1997).

Using the parentage coefficient of each formed pair, the genetic 
contribution of each cultivar in relation to a group of cultivars 
formed according to the release date was calculated. Moreover, 
with the data of parentage coefficient decreased by one, the dis-
similarity matrix was obtained.

 
Data analysis

The genetic diversity of each microsatellite locus was obtained 
from the allele frequency using the following formula:

where p is the frequency of the jth allele for the primer i (An-
derson et al. 1993). The value of the genetic diversity of the locus 
is similar to the heterozygosity which is commonly used to de-
scribe the informativeness of a molecular marker in outcrossing 
plants.

The genetic distances between cultivars obtained through in-
formation generated by microsatellite markers (SSR) were eval-
uated from a dissimilarity matrix constructed using the comple-
ment of the similarity index (SI) for codominates/multi allelic 
variables. The scores 0, 1 and 2 were used for the absent allele in 
heterozygous and homozygous, respectively. The index was ob-
tained by dividing the total number of microsatellite loci contain-
ing common alleles by the total number of analyzed loci.

The genetic distances obtained by phenotypic values were cal-
culated considering the characteristics as multicategoric, giving 
scores for each scale of variation of the considered phenotypic 
information. In addition, genetic distances were obtained consid-
ering the coefficient of parentage, as described above.

The methods used to perform the cluster analysis based on 
the dissimilarity matrix obtained by SSR markers, coefficient of 
parentage and phenotypic characteristics were the UPGMA (un-
weighted pair-group mean average) and the Tocher optimization 
method. The Genes Program (Programa Genes) was used during 
the analyses (Cruz 2013).

RESULTS AND DISCUSSION
Of the 42 evaluated markers, 4 were monomorphic and 38 

showed polymorphism among the 42 analyzed soybean cultivars. 
106 alleles were amplified with an average of 2.52 alleles per SSR 
locus (Table 3). The primers that showed higher polymorphism 
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Table 1. Soybean cultivars, genealogy and some phenotypic characteristics.

Number Origin Cultivars Genealogy* Color of 
flower

Color of 
hilum

Color of 
pubescence Growth habit Cicle

1 USA Improved 
Pelican

PI 548461 Purple Brown Brown Undetermined Average

2 UFV Viçoja D492491 x I. Pelican Purple Brown Brown Determined Average

3 UFV UFV-1 Selection in Viçoja Purple Brown Brown Determined Tardy

4 USA Davis D 49-2573 X N 
45-1497

White Brown Grey Determined Precocious

5 MONSOY FT-12 (Nissei) FT 9510 x Prata White Brown Brown Determined Average

6 IAC IAC-8 F5 strain obtained 
from the crossing 
Bragg x E 70 -51

Purple Brown Brown Determined Average

7 MONSOY FT-Cristalina Natural crossing in 
UFV-1

Purple Brown Grey Determined Tardy

8 Embrapa Doko F7 progeny. Obtained 
from the population 

RB 72-1, derived 
from six crossovers 

(E 70-46 x Pickett. E 
70-47 x F 65-1376 e 
Davis x IAC 79308)

White Black Brown Determined Tardy

9 UFV UFV-17 FT - 12 x IAC-8 Purple Brown Brown Determined Tardy

10 UFV UFV-19 FT - 12 x IAC-8 White Black Brown Determined Average

11 UFV UFV-18 FT-Cristalina x 
IAC-8

Purple Black Brown Determined Tardy

12 UFV UFVS-2007 FT-Cristalina x Doko Purple Brown Brown Determined Tardy

13 Embrapa BRS - Tuiuiu FT-Cristalina (4) x 
Doko

Purple Brown Brown Determined Tardy

14 MONSOY FT - Cristalina 
RCH

FT-Cristalina (5) x 
Embrapa-20

Purple Brown Grey Determined Tardy

15 Embrapa Conquista Lo76-4484 x 
Numbaira

Purple Black Brown Determined Average

16 Embrapa Valiosa RR Conquista (n) x RR Purple Black Brown Determined Average

17 Embrapa Santa Rosa D49-772 x La41-
1219

White Brown Brown Determined Average

18 USA Bragg Jackson x D49-2491 White Black Brown Determined Precocious

19 Embrapa BR-IAC-21 IAC-8(6) x FT-
Cristalina

Purple Black Brown Determined Average

20 UFV UFV-10 
(Uberaba)

Santa Rosa x UFV-1 Purple Brown Brown Determined Tardy

21 UFV UFVS-2301 [FT-Cristalina (6) x 
Doko] x FT-72285

White Black Brown Determined Tardy

* Information obtained from the literature and supplemented with personal information.

were: Satt263, Satt192, Satt070 and Sct_189 with 5, 4, 4 and 4 
alleles per locus, respectively. Priolli et al. (2002) in a study on 
the characterization of 186 Brazilian soybean cultivars found 
an average number of alleles per locus of 5.3. Yamanaka et al. 
(2007) using 12 pairs of microsatellite primers in a study on the 
genetic relationship between cultivars of Brazilian, Chinese and 
Japanese soybeans had 82 alleles for a group of 272 cultivars,with 
an average of 6.83 alleles per locus. And, Vieira et al. (2009) ob-
tained 124 alleles, with an average of 2.34 per locus, using 53 SSR 
markers on 53 cultivars widely cultivated and used in Brazilian 
breeding programs.

The polymorphism information content (PIC) calculated to 
estimate the informativeness of each microsatellite locus ranged 
from 0 to 0.68, with an average of 0.38 (Table 3). Studies con-
ducted by Rongwen et al. (1995), using seven microsatellite prim-
ers to characterize 96 genotypes, showed genetic diversity from 
0.71 to 0.95. The authors linked this high diversity with the use 

of the input material and other species (Glycine max and Glycine 
soja). Narvel et al. (2000), working with 74 SSR primers to esti-
mate the diversity of some accessions and elite soybean varieties, 
found PIC values ranging from 0 to -0.84, with an average of 
0.56 in the approach used and from 0 to 0.79 with an average 
of 0.50 in elite varieties. This, according to the authors, served 
as a good indication that genotype groups with a narrow genetic 
basis show lower genetic diversity. Priolli et al. (2004) in a study 
to estimate the genetic diversity between periods and between 
breeding programs in Brazil found an average genetic diversity 
value of 0.63 for different improvement programs. Vieira et al. 
(2009) obtained a PIC value between 0.16 and 0.66, with an av-
erage of 0.47. Velusamy, Toan and Park (2013) obtained from 178 
accessions of soybean collected in Korea and submitted to 9 SSR 
markers, PIC ranging from 0.7447 (Satt423) to 0.8585 (Satt155) 
with an average equal to 0.8040. And, Dong et al. (2014) ob-
tained from 100 accessions of vegetable soybean (Edamame) in 
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Table 2. Microsatellite primers used in the study.

Number Loci Repeated 
Structure

Group 
Connection Number Loci Repeated 

Structure
Group 

Connection

1 Satt521 (ATT)12 N 22 Satt077 (ATT)12 D1a

2 Satt526 (ATT)9 A1 23 Satt335 (ATT)12 F

3 Satt531 (ATT)14 D1a 24 Satt215 (ATT)11 J

4 Satt180 (ATT)16 C1 25 satt263 (ATT)19 E

5 Satt181 (ATT)18 H 26 Satt492 (ATT)15 O

6 Satt302 (ATT)12 H 27 Satt211 (ATT)10 A1

7 Satt102 (ATT)11 K 28 Satt242 (ATT)26 K

8 Satt571 (ATT)14 I 29 Satt285 (ATT)19 J

9 Satt417 (ATT)18 K 30 Satt215 (ATT)11 J

10 Satt108 31 Satt309 (ATT)13 G

11 Satt237 (ATT)17 N 32 Satt487 (ATT)22 O

12 Satt192 (ATT)32 H 33 Satt182 (ATT)17 L

13 Satt070 (ATT)24 B2 34 Satt177 (ATT)16 A2

14 Satt200 (ATT)17 A1 35 Sct_189 (CT)17 I

15 Satt336 (ATT)14 M 36 Satt406 (ATT)31 J

16 Satt464 (ATT)16 D2 37 Satt173 (ATT)18 O

17 Satt191 (ATT)18 G 38 Satt256 (ATT)10 D2

18 Satt079 (ATT)13 C2 39 Satt001 (ATT)25 K

19 Satt100 (ATT)33 C2 40 Satt113

20 Satt304 (ATT)29 B2 41 Satt170 (ATT)10 C2

21 Satt142 (ATT)21 H 42 Satt146 (ATT)17 F

Table 3. Number of alleles per microsatellite locus and polymorphic information content (PIC) for 21 soybean genotypes released 
over 40 years of improvement.

Number Loci Number of 
alleles PIC Number Loci Number of 

alleles PIC

1 Satt521 2 0.3744 22 Satt077 3 0.4065

2 Satt526 2 0.3658 23 Satt335 3 0.5578

3 Satt531 2 0.0866 24 Satt215 3 0.5313

4 Satt180 2 0.3119 25 satt263 5 0.6808

5 Satt181 2 0.3457 26 Satt492 2 0.3698

6 Satt302 2 0.3648 27 Satt211 2 0.2149

7 Satt102 2 0.1575 28 Satt242 3 0.4898

8 Satt571 3 0.2051 29 Satt285 2 0.3290

9 Satt417 3 0.3267 30 Satt215 3 0.5313

10 Satt108 3 0.4783 31 Satt309 2 0.3457

11 Satt237 3 0.5400 32 Satt487 3 0.3586

12 Satt192 4 0.5915 33 Satt182 2 0.3515

13 Satt070 4 0.5854 34 Satt177 3 0.5594

14 Satt200 3 0.5594 35 Sct_189 4 0.5471

15 Satt336 3 0.5668 36 Satt406 3 0.5564

16 Satt464 2 0.3739 37 Satt173 3 0.5439

17 Satt191 3 0.3092 38 Satt256 2 0.3687

18 Satt079 3 0.5547 39 Satt001 1 0

19 Satt100 3 0.4236 40 Satt113 1 0

20 Satt304 2 0.3374 41 Satt170 1 0

21 Satt142 2 0.3515 42 Satt146 1 0
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China by means of analysis using 53 SSR markers, PIC values in 
the magnitude of 0.071 to 0.831, with an average of 0.573, and 
38 markers showed PIC values greater than 0.6.

With six primers (Satt192, Satt263, Satt070, Satt100, Satt108 
and Satt215 of the 42) it was possible to differentiate 21 soybean 
cultivars (Table 4). Cultivars UFV-19 and BR-IAC-21 showed 2 
alleles in the Satt215 and Satt192 locus, respectively, which could 
be an indication that the varieties are not an inbred line or there 
was an impurity in the samples. 

To get information on genetic diversity, dissimilarity matrices 
were obtained from information of SSR markers, genealogy and 
phenotypic characters. The data were compiled and are presented 
in Figure 1. Dissimilarity values indicate how a pair of cultivars 
is different in genetic content. When analyzing the dissimilarity 
matrix obtained from molecular data, it was observed that the 
calculated genetic dissimilarity ranged from 0.0769 to 0.7631. 
The lowest dissimilarity value was obtained by the cultivars Viço-
ja and UFV-, which is consistent with the genealogies (UFV-1 is 
a selection of Viçoja). The pair of cultivars with the highest ge-
netic distance was UFV-1 and Conquista (Conquista presents no 
family relationship with the cultivar UFV-1, which was attested 
by the coefficient of dissimilarity of the pair of cultivars).

Figure 1A shows that the dissimilarities between the pair of 
cultivars obtained by microsatellite markers are about 0.4 to 0.6. 
When using the coefficient of parentage (Figure 1B),  dissimilar-
ity values are around 0.8 to 1.0 and when using phenotypic traits 
information (Figure 1C)  they are around 0.0 to 0.4. Therefore, 
for the group of cultivars used in the study, the greater divergence 
between them was detected by using the coefficient of parent-

age. Probably the genealogy of each cultivar is overestimating the 
values of genetic dissimilarity, where many papers state that the 
genetic basis of soybean is narrow.

Results from other studies have also detected greater genet-
ic diversity by using the coefficient of parentage. Bertini (2004), 
for instance, found greater genetic diversity using coefficients of 
parentage when working with cotton. By evaluating and char-
acterizing 100 accessions of an active soybean germplasm bank 
using microsatellite markers, morphological evaluation and ped-
igree information, Alcântara Neto (2005) concluded that the co-
efficient of parentage provided larger groups, however, it can be 
biased when compared with other methods of evaluation.

With the purpose of facilitating the interpretation of dissim-
ilarity results using microsatellite markers, a table with dissimi-
larity mean values was created (Table 5). First, the 21 cultivars 
were grouped into three groups (older, intermediate and recent 
cultivars) using the time when each cultivar was developed as a 
criterion. Next, the average dissimilarity for each cultivar in each 
group was obtained.

It can be inferred that by comparing cultivars from the old 
group with itself, the intermediate and recent groups, there was 
a slight decrease in the dissimilarity mean value over the years, 
which may indicate a narrowing of the genetic base. However, by 
observing the dissimilarity mean values of recent cultivars group 
between themselves and the other two groups, it can be seen that 
the Conquista cultivar, considered recent, shows relatively high 
dissimilarity mean value, indicating that the cultivar should be 
included in the blocks of crosses to generate an important dis-
similarity in a soybean improvement program. Genetic variability 

Table 4. Differentiation of 21 soybean cultivars based on six microsatellite markers.
Numbers Genotypes Locus1

Satt263 Satt192 Satt070 Satt100 Satt108 Satt215

1 Improved 
Pelican

A A A A A A

2 Viçoja B A * * B B

3 UFV - 1 B A A B B B

4 Davis C B B B C B

5 FT - 12 Nissei B B C B B C

6 IAC - 8 D C D C A B

7 FT - Cristalina B A A B C B

8 Doko E C D B A C

9 UFV - 17 D B C C A C

10 UFV - 19 B B D B B B/C

11 UFV - 18 D C A C B B

12 UFVS - 2007 B A A B C C

13 BRS - Tuiuiu B C A B B B

14 FT -Cristalina 
RCH

B A D * B C

15 Conquista A B C A A A

16 Valiosa RR C B * B B B

17 Santa Rosa D C D C B B

18 Bragg E C D B B C

19 BR-IAC- 21 D B/C D B B C

20 UFV-10 A A D B B A

21 UFVS-2301 B B D B B *
* Lost data.
1 Those cultivars followed by the same letter in the column have alleles in common. The letters are assigned in descending order according to the size of the alleles, namely, 
the letter A refers to the larger allele and E to the smaller allele for the locus Satt263. The same goes for the other loci.
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has remained the same for over 40 years of breeding in the group 
of cultivars used in this study. 

By analyzing 44 publications, through meta-analysis, regarding 
the 20th Century diversity trend for eight different crops (in-
cluding soybeans), Van der Wouw et al. (2010) reported that, in 
general, trends were not identified by pointing out to loss of ge-
netic diversity in cultivars released by breeders in the last century. 
However, they do not exclude the possibility of diversity loss in 
cultures and/or specific regions. Moreover, as the possible tech-
niques in plant breeding have advanced rapidly, it is unclear what 
will happen in the future with the level of diversity in cultures 
(Van der Worw et al. 2010).

Through the analysis of a group of 184 soybean cultivars de-
veloped by public and private companies in Brazil, by means of 
12 SSR markers, Priolli et al. (2004) concluded that the Brazilian 
soybean germplasm kept constant genetic variability over the last 
30 years of culture expansion and breeding. Furthermore, studies 
by Vieira et al. (2009) showed that it is possible to detect signif-
icant variability in the evaluated Brazilian soybean germplasm, 
even among elite cultivars, when using microsatellite markers 

Figure 1. Graphical distribution of genetic distances for 210 
pairs of cultivars assessed by microsatellite markers (A), parentage 
coefficient (B), and phenotypic characteristics (C).

Table 5. Average dissimilarity between soybean groups (old, 
intermediate and newer/most recent) based on microsatellite 
markers.

Cultivars Old Intermediate Newer

O
ld

Improved Pelican 0.6792 0.6566 0.6495

Bragg 0.6151 0.5792 0.6198

Viçoja 0.5242 0.6170 0.5571

UFV-1 0.5019 0.5830 0.5259

Davis 0.6830 0.6000 0.5764

Santa Rosa 0.6358 0.5453 0.5717

Average 0.6065 0.5969 0.5834

In
te

rm
ed

ia
te

UFV-10 0.6116 0.6439 0.6052

FT-12 (nissei) 0.6509 0.6391 0.5604

IAC-8 0.5786 0.6108 0.5660

FT-Cristalina 0.5377 0.6557 0.5137

Doko 0.6006 0.6157 0.6066

Average 0.5959 0.6330 0.5704

N
ew

er

UFV-17 0.6085 0.5500 0.5949

UFV-18 0.5204 0.5547 0.5241

UFV-19 0.5629 0.4849 0.5220

BR-IAC-21 0.6061 0.5632 0.5681

UFVS-2007 0.5079 0.5283 0.5278

BRSMS-Tuiuiu 0.5000 0.5302 0.5441

FT-Cristalina RCH 0.5645 0.5415 0.5026

Valiosa RR 0.5723 0.6170 0.6195

Conquista 0.7170 0.6698 0.7248

UFVS-2301 0.6745 0.6641 0.6247

Average 0.5834 0.5704 0.5753

Table 6. Groups obtained for the 21 soybean cultivars by 
the method of average distances (UPGMA) based on the 
dissimilarity measures calculated using information from 
microsatellites, parentage coefficient and phenotypic characters.

------------------- Microsatellite Markers ------------------- 

Group Cultivars

1 FT-Cristalina, UFVS-2007, BRS-Tuiuiú, UFV-18, FT-
Cristalina RCH, Viçoja and UFV-1

2 Davis

3 ValiosaRR

4 BR-IAC-21

5 UFV-10

6 IAC-8, Santa Rosa, UFV-17 and UFV-19

7 Doko and Bragg

8 FT-12 Nissei

9 UFVS-2301

10 Improved Pelican and Conquista

-------------------  Parentage Coefficient ------------------- 

Group Cultivars

1 Doko and UFVS-2301

2 Viçoja, UFV-10, UFV-1, Bragg, FT-Cristalina RCH, 
FT-12 Nissei, Conquista, Improved Pelican, BR-IAC-21, 
FT-Cristalina and Santa Rosa

3 IAC-8 and UFVS-2007

4 Davis. ValiosaRR and UFV-19

5 UFV-17

6 UFV-18

7 BRS-Tuiuiú

-------------------  Phenotypic Characters ------------------- 

Groups Cultivars

1 Doko, UFV-19, Bragg and UFVS-2301

2 FT-Cristalina, FT-Cristalina RCH, BRS-Tuiuiú, UFV-10

3 UFV-1, UFV-17, UFV-18 and UFVS-2007

4 FT-12 Nissei, ValiosaRR and Santa Rosa

5 Viçoja. IAC-8, Conquista and BR-IAC-21

6 Improved Pelican

7 Davis
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Table 7. Groups obtained for the 21 soybean cultivars by 
Tocher grouping based on the dissimilarity measures using 
information from microsatellites, parentage coefficient and 
phenotypic characters.

----------------- Microsatellite Markers -----------------
Groups Cultivars
1 Viçoja, UFV-1, BRS-Tuiuiú, UFVS-2007, FT-

Cristalina, FT- Cristalina RCH, UFV-18 and Davis
2 IAC-8, Santa Rosa, UFV-19 and UFV-17
3 Improved Pelican and Conquista
4 Doko and Bragg
5 FT-12 Nissei and BR-IAC-21
6 UFVS-2301
7 UFV-10
8 Valiosa RR

----------------- Parentage Coefficient -----------------
Groups Cultivars
1 Improved Pelican, Viçoja, UFV-1, Davis, FT-12 

Nissei, FT-Cristalina and Doko
2 FT-Cristalina RCH
3 IAC-8
4 UFV-17
5 UFV-19
6 UFV-18
7 BRS-Tuiuiú
8 Santa Rosa
9 UFV-10
10 UFVS-2301
11 UFVS-2007
12 Conquista
13 Valiosa RR
14 Bragg
15 BR-IAC-21

----------------- Phenotypic Characters -----------------
Groups Cultivars
1 Viçoja, Improved Pelican, UFV-1, IAC-8, UFV-17, 

UFVS-2007, BRS-Tuiuiú, UFV-10, FT-Cristalina, 
FT-Cristalina RCH, UFV-18, Conquista, 
ValiosaRR and BR-IAC-21

2 FT-12 Nissei, Santa Rosa, UFV-19, Doko, UFVS-
2301 and Bragg

3 Davis

Table 8. Comparison of the groups, obtained by the UPGMA 
method and Tocher grouping, between the assessments by 
microsatellites, parentage coefficient and phenotypic characters 
for 21 soybean cultivars1.

-------------------- UPGMA Method --------------------

Groups Microsatellites Parentage 
coeficiente

Phenotypic 
characters

1 7, 12, 13, 11, 14, 
2 and 3

8 and 21 8, 10, 18 and 21

2 4 2, 20, 3, 18, 14, 5, 
15, 1, 19, 7 and 17

7, 14, 13 and 20

3 16 6 and 12 3, 9, 10 and 12

4 19 4, 16 and 10 5, 16 and 17

5 20 9 2, 6, 15 and 19

6 6, 17, 9 and 10 11 1

7 8 and 18 13 4

8 5

9 21

10 1 and 15

-------------------- Tocher Grouping Method --------------------

Groups Microsatellites Parentage 
coeficiente

Phenotypic 
characters

1 2, 3, 13, 12, 7, 14, 
11 and 4

1, 2, 3, 4, 5, 7 and 8 2, 6, 1, 3, 9, 
12, 13, 20, 7, 
14, 11, 15, 16 
and 19

2 6, 17, 9 and 10 14 5, 17, 10,  8, 21 
and 18

3 1 and 15 6 4

4 8 and 18 9  

5 5 and 19 10  

6 21 11  

7 20 13  

8 16 17  

9 20  

10 21  

11 12  

12 15  

13 16  

14 18  

15  19  
1 Cultivars: 1 = Improved Pelican, 2 = Viçoja, 3 = UFV-1, 4 = Davis, 5 = FT-12 
(Nissei), 6 = IAC-8, 7 = FT-Cristalina, 8 = Doko, 9 = UFV-17, 10 = UFV-19, 11 
= UFV-18, 12 = UFVS-2007, 13 = BRS – Tuiuiu, 14 = FT - Cristalina RCH, 15 
= Conquista, 16 = Valiosa RR, 17 = Santa Rosa, 18 = Bragg, 19 = BR-IAC-21, 20 
= UFV-10 (Uberaba) and  21 = UFVS-2301.

selected for their informativeness. Furthermore, there is still 
enough genetic variability in the Brazilian soybean germplasm to 
be exploited by breeding programs (Vieira et al. 2009).

Fu, Peterson and Morrison (2007) when analyzing 45 soybean 
cultivars from Canada, released from 1934 to 2001 and 37 acces-
sions of exotic germplasm through 37 SSR markers, concluded 
that they maintained large genetic diversity. This is revealed, ac-
cording to the authors, by the fact that the cultivars released after 
1990 presented a little more diversity when compared to those 
taken before 1970.

From the dissimilarity measures using information from mi-
crosatellite markers, genealogy and phenotypic traits, dendro-

grams were obtained using the UPGMA method. To facilitate 
the analysis of dendrograms, they were compiled in a table form 
(Table 6). Based on the Tocher optimization method, eight mu-
tually exclusive groups from molecular data, 15 groups using in-
formation of parentage coefficient and three groups using pheno-
typic characters were formed (Table 7).

Cultivars with the same genealogy have not been grouped 
using information of parentage coefficient, which is the case of 
UFV-17 and UFV-19 (Table 8). On the other hand, by using 
molecular information, they are placed in the same group, while 
according to their phenotypic characteristics they should not be 
in the same group since they present flower color, hilum color 
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and different cycles. It was found that the FT-Cristalina and 
FT-Cristalina RCH cultivars are always in the same group re-
gardless of the evaluation method. The same goes for the Viçoja 
and UFV-1 cultivars, which used only molecular and coefficient 
of parentage information. Despite the fact that the Conquista 
and Viçosa cultivars did not show any parentage with other cul-
tivars and that the Valiosa RR is originated from Conquista, they 
were not grouped in any of the evaluation methods used.

In the clustering obtained by the Tocher optimization meth-
od from information on parentage coefficient, the formation of 
15 mutually exclusive groups was detected, despite the presence 
of some cultivars with common parental. As for the phenotyp-
ic characters, the formation of only three groups was observed. 
UFV-17 and UFV-19 cultivars are present in different groups 
using parentage coefficient and in the same group using molec-
ular characteristics. The justification for cultivars with parents in 
common to be allocated to different groups by the coefficient of 
parentage is that the estimated coefficient of parentage assumes 
that the parents are not related, which leads to the fact that the 
similarity and dissimilarity estimates obtained by the parentage 
coefficient are quite biased.

By using microsatellite markers information, a group of culti-
vars with common parents and without parents in common was 
detected since microsatellite markers are inherited in a co-dom-
inant manner and the estimates generated by them are more in-
formative and less biased than estimates generated by coefficient 
of parentage and phenotypic characters. Moreover, the estimates 
generated by the microsatellites take into account the effects of 
selection practiced over generations of breeding.

CONCLUSIONS
It was possible to verify the contribution of cultivars consid-

ered as old cultivars for the cultivars considered as intermediate 
and newer, stating that within the group of cultivars using the 
genetic variability remained the same over nearly 40 years of im-
provement.

As for the newer/recent cultivars, there is still genetic variabil-
ity useful to soybean genetic improvement.

With the combination of the 6 microsatellite primers Satt192, 
Satt263, Satt070, Satt100, Satt108 and Satt215 it was possible to 
distinguish the 21 cultivars that were used in this study.

For genetic diversity studies, the microsatellite markers were 
those that showed less biased estimates when compared with es-
timates obtained by the coefficient of parentage and phenotypic 
characters.
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