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Abstract: Breeding programs of soybean preconize the productivity as well as tolerance to
biotic and abiotic stresses. In view of the lack of information regarding the multivariate
selection of soybean segregating families, the objective of this study was to select superior
soybean families and to define segregation patterns through multivariate models. The
experiment was conducted in 2017/2018 the experimental design used was augmented blocks
with 290 F3 segregating families, and seven cultivars homozygotes arranged in four repetitions.
Was employed the frequency distribution, Euclidean algorithm, Tocher optimized grouping
method, relative contribution methodology of Singh's and Artificial Neural Networks. Soybean
segregating families express high genetic variability within and between the segregating
populations of origin. The heterogeneities in the soybean segregation profile are derived from
the genetic complementarity of the contrasting parents used. The multivariate models allow to
define patterns for the selection of transgressive families that tend to the agronomic ideotype of
the commercial cultivars.

Keywords: Glycine max L., genetic breeding, biometric strategies, computer learing, food
security, sustainable development.

(Brasil, 2010). The area sown in the 2017/2018
harvest was 35 million hectares with a production
of 119 million tons of grains, with the Rio

Introduction

Brazil is the world's largest producer of
soybeans (Glycine max L.), responsible for 33%
of all world production of this crop, surpassing
the United States of America which contributes
32% of the amount of production (USDA, 2018).
Among the Brazilian states, Mato Grosso, Mato
Grosso do Sul, Parana, Rio Grande do Sul and
Goids represent 81.5% of the national production

Grande do Sul having an area planted around
6,000 hectares (CONAB, 2018).

Breeding programs of soybean commonly
seek to increase morphological, physiological,
and agronomic aspects so that these together
enhance productivity as well as tolerance to biotic
and abiotic stresses. However, selecting superior
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and promising genotypes becomes a difficult and
costly task, since many important traits have low
heritability, being controlled by many genes, and
suffering large effects from the growing
environment, these compiled actions result in
difficulties in selection success (Cruz, 2006).

Understanding the characteristics of
genotypes, as well as their behavior in face of
phenotype changes due to the effects of the
environment may make it difficult to define
patterns and meanings for genotype selection.
Therefore, the researcher should direct their
efforts in the selection of superior transgressive
families (Filho et al., 2009; Bezerra Neto et al.,
2010). Thus, the use of multivariate models
obtained by suitable algorithms can compile the
trends of all the measured characters and enable
the stratification of which are the similar,
superior or inferior genotypes.

Among the most efficient multivariate
analyzes to discriminate efficiently the genotypes
obtained in a breeding program, we highlight the
optimized Tocher method that is based on the
premise of maximum intra-group homogeneity
and intergroup heterogeneity (Cruz e Carneiro,
2006; Cruz et al.,, 2012), the methodology of
Singh (1981), whose purpose is to express which
characters are determinant to differentiate the
genotypes and to assign specific contributions to
each character of interest, and Artificial Neural
Networks (ANNs) based on the unsupervised
computational learning using the Kohonen
algorithm (Cruz et al., 2012; Carvalho, 2018). In
view of the lack of information regarding the
multivariate selection of soybean segregating
families, the objective of this study was to select
superior soybean families and to define
segregation patterns through multivariate models.

Material and methods

The experiment was conducted in the
agricultural crop of 2017/2018 in Campos
Borges - RS, located at latitude coordinates
28°52'31 "S and longitude 53°00'55"W, with
subtropical humid climate of the Cfa type
according to Kdppen and soil classified as Dark
Red Latosol (Oxisol) (Streck et al., 2008). The
F3 segregant families (75% endogamic level
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with 25% heterozygosity) were obtained through
directed crossings performed in 2014/2015, F1
generation  (2015/2016), F2  generation
(2016/2017), detailed genealogical information
expressed in table 1.

The experimental design wused was
augmented blocks (Federer, 1956). There were
290 F3 segregating families, and the cultivars
Don Mario 7.0i, Roos Camino RR, BMX
Poténcia RR, NS6700 IPRO, DM5958 RSF
[PRO, TMG 7166 RR, Don Mario 5.8i
corresponding to the common treatments, and
these were arranged in four replicates. The
experimental units were composed of a sowing
line with five meters in length, spaced by 0.45
meters. The direct and manual sowing was done
in the second half of November 2017, using a
density of 14 seeds per linear meter, base
fertilization of 250 kg ha! of N-P-K in the
formulation 10-20-20.

Preventive control of weeds, pest insects,
and diseases was recommended in order to
minimize the biotic effects in the result of the
experiment. The characters of agronomic interest
measured in 10 random plants were: first pod
insertion height (FPI, cm); plant height (PH, cm);
number of pods in the main stem (NPMS, units);
number of pods in the branches (NPB, units);
number of branches (NB, units); number of pods
with one seed (NP1, units); number of pods with
two seeds (NP2, units); number of pods with
three seeds (NP3, units); number of pods with
four seeds (NP4, units) and seed mass per plant
(SMP, grams).

The data obtained were submitted to the
assumptions of the analysis of variance where the
normality and homogeneity of the residual
variances were verified, after the descriptive
analysis was carried out by frequency
distribution and definition of the phenotypic
classes of interest. After, the Euclidean algorithm
was used to make the genetic distances matrix of
the studied genotypes using all the measured
characters. Through the distance matrix, the
Tocher optimized grouping method was applied,
with intra-group and inter-group stratification.
The relative contribution methodology of Singh's
(1981) was used, with the intention of defining
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which characters are most important. The
phenotypic matrix was submitted to the
algorithm with unsupervised computational
learning where the Artificial Neural Networks
were constructed by the Kohonen Map,

establishing the centroids of interest and the
explanatory synaptic connections (Carvalho,
2018). Statistical analyzes were performed using
Genes software (Cruz, 2013) and R (R core
Team, 2015).

Table 1. Description of the genealogy referring to the soybean F3 segregating families.

Maternal Genitors Paternal Genitors F2 population of origin F3 family
G+ Gz IRC 001 1t0 15
Gs Gz IRC 002 1to 4
G4 Ga IRC 003 1t0 12
Gs Ge IRC 004 1
G7 Gs IRC 005 1t0 6
Gs Ge IRC 006 1to0 3
Gs Ge IRC 007 1t0 2
Gs Gs IRC 008 1to 7
Gs Gs IRC 010 8
G1o Ge IRC 011 1t0 15
G111 Gs IRC 012 1t0 18
G+ Gs IRC 013 1to0 16
G7 Gs IRC 016 1t03
G2 Ga IRC 017 1to 10
Gz G1s IRC 019 1t0 6
G Gir IRC 021 1to 4
Gi7 G1s IRC 022 1t06
G20 G20 IRC 024 1t08
Ga1 Ga1 IRC 025 1t06
G2z Ga2 IRC 026 1to 5
Ge Ge IRC 027 1
Gas Gas IRC 028 1t0 8
G24 Gaa IRC 029 1t06
Gas Ge IRC 030 1to 14
Gas Ga1 IRC 031 1to4
G Gar IRC 032 1to 22
Ge Gar IRC 033 1
Gas Gz IRC 034 1t0 6
Gas Ge IRC 035 1t0 19
Gs Gas IRC 036 1to 14
Ga7 Ge IRC 037 1to 11
G17 G2z IRC 038 1t0 15
Gas Gar IRC 039 1to4
Gag Gas IRC 040 1to0 12
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Results and discussion

The genotypes evaluated for the first pod
insertion height (FPI) were distinguished in ten
phenotype classes with a range of 4.5 to 31.5 cm
(Figure la), among these 24.03% of the
genotypes present in the prominent class of 10.5
cm. The cultivars comprise classes 10.5 and 19.5,
and 65.36% of the segregating genotypes are
within agronomic standards. The plant height
(PH) shows seven phenotypic classes varying
from 30 to 180 cm (Figure 1b), and the classes of
60 and 75 cm are responsible for 57.60% of the
segregating genotypes.
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The number of pods in the main stem
(NPMS) revealed twelve phenotype classes
(Figure Ic) with variation from 0.4 to 9.2 pods,
the class with 2.8 pods being more prominent
with 21.91% of the segregating families. The
number of pods in the branches (NPB)
expressed eleven phenotypic classes with
variability (Figure 1d) between 10 and 60 pods.
The number of branches (NB) showed eleven
phenotype classes (Figure le), comprising 5 to
10 branches per plant, where 38.87% of the
genotypes show 1 to 3 branches per plant,
respectively.
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Figure 1. Class frequency distribution for: (a) first pod insertion height (IFV); (b) plant height (PH); (c) number
of pods in the main stem (NVMS); (d) number of pods in the branches (NVB); (¢) number of branches (NB).
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The number of pods with one seed (NP1)
presented ten phenotype classes (Figure 2a) with
amplitude of 1.25 to 23.75 pods, where 25.44%
of the studied genotypes are included in the class
with 6.5 pods. The number of pods with two
seeds (NP2) revealed ten phenotype classes
(Figure 2b) comprising 8 to 80 pods per plant, the
class with 24 pods being the most prominent with
25.80% of the segregating genotypes. For the
number of pods with three seeds (NP3) twelve
phenotypic classes were formed (Figure 2¢) with
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variation from 3 to 69 pods, where 22.92% of the
genotypes were included in the class with 21
pods. In relation to the number of pods with four
seeds (NP4), two phenotypic classes were
formed (Figure 2d), establishing that 86.57% of
the genotypes do not express pods with four
seeds. Seed mass per plant (SMP) revealed the
formation of nine phenotype classes, ranging
from 3 to 63 grams, with a predominance of
32.51% of the genotypes included in the class of
15 grams of seeds per plant.

b)

Frequency (%)
s & 8

W

(=}

Class of phenotype NV2

d)
100
90 |86.57
80
~ 70
9>
=~ 60
g 50
S 40
o
£ 30
20 9.89
18 1.06 1.06 0.35 0.00 0.00 0.71 0.00 0.00 0.35
0 03 06 09 12 15 18 21 24 27 3
Class of phenotype NV4
530 4.95

0.00 0.35 0.00 0.35

33 39 45 51 57 63

Figure 2. Class frequency distribution for: (a) number of pods with one seed (NV1); (b) number of pods with
two seeds (NV2); (¢c) number of pods with three seeds (NV3); (d) number of pods with four seeds (NV4); (e)

seed mass per plant (SMP).
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The relative contribution of Singh (1981)
showed that the number of pods in the branches
(NPB) and the first pod insertion height (FPI)
were responsible for 29.99% of the total variation
of the experiment, these being the most
polymorphic characters. In contrast, the number
of pods with four seeds (NP4) and plant height
(PH) expressed variability of less than 5%
(Figure 3). The main purpose of the analysis of
the relative importance of the characters is to
identify the most important variables for the
selection and which are more polymorphic (Cruz
et al., 2014).

The intra-groups Tocher's grouping
method revealed for the 290 genotypes studied,
that these can be classified into nine intrinsic
groups to their similar phenotypic characteristics

(Table 2).

15.87
14.12

12 11.38 11.85 11.82
- 10.21
10 8.7 435

4.53

N N N v » e 2

Figure 3. Relative contribution of characters by
Singh (1981). First pod insertion height (IPL); plant
height (AP); number of pods in the main stem
(NLHP); number of pods in the branches (NLR);
number of branches (NR); number of pods with one
seed (NL1); number of pods with two seeds (NL2);
number of pods with three seeds (NL3); number of
pods with four seeds (NL4) and seed mass per plant
(MSP).

Group I collected the largest fraction of
genotypes, in these conditions for the correct
interpretation of the genealogy, it is determined
that the first terms are referring to the maternal
and paternal parents with the subscript term

responsible for the definition of the segregating
population F», and the last term related to the
identification of the segregating family F3. In
this way, the genotypes belonging to this group
and homogeneous among them were,

cladresrl; Gla3pisrll; G25G6P3se9; G1066p11rll; Gladrsrll; G1066p11ES; G17622p38r8; Glc4psES;
6lG27p3282; Gl17618p22rl; G17G22p38r5; Gla3prizrl3; 6l17G619p23F2; 617622p38F9; Gl17622p3sr11;
G61627p3289; 61066p11F4, G17622p38F12; 61627p32F10; 62566p35F8; G1G627p32F1 15 G365psF4; 629G28pa0r2;
Gl1G27p32rl6; G27G6p37rl; Gl10GOP1IF12; G22G22p26r2; Gl0GOP11E3; Gl6G17p21F4; G25G6p3sF13;
G25G6p35F6;  G29G28pa0r8;  G2566p30F7;  G3G28p36rd;  G25G6p3sElS;  GlG27p32E3; G28G27p3974;
G6la3r13F12; 63628p36r2; GlG27p32rl; GlG2pr1E9; Gla4rsr3; 622622pa6r4; G25G6p3srl2; G25G6p3srl;
6162732155 63628p3erl3; 626G17p34r2; GlG27p32r12; G2766p37810; 62566p3srl7; GlG27p32r6;
61264r1774; 62566p30F2; 629628pa0r7; G25G6p30rl; G1G27p32F8; G25G6p35F2; Gla2pirl3; 627G6p37r4;
Glc4rsr7; 610G6p11E8; Gladrird; 63628pserl4; G10G6p11FY; G1066pP11F13; 62566p35F18; 625G6p3sr14;
G63628p36rl 15 61627p32F7; GlG2pr1r10; 62766p3783; G2566p35F4; G3G28p36r7; G25G0p3sE7; G25G6p3sEl9;
G2566p30F3; G365psES; 62566p30rl1; Gla2rir2; 63628p36r9; 63G28p36r0; G25G6p30r12; GlG3p13rl0;
Gla3r13rlS; 617G622p38r60; Gl0GOP11FO; GlG2prirl4; clc24p177; Gla2rir8; G3G5psr2; G21G21p25E0;
cla3ri3r4; cledesrl2; Gla2prirl2; 62566p30r10; 629628paorl; Glo4rsr2; GlG27p32r4; G17622p3sr13;

Gla3ri3rl4;  G2766p378S;  Gl17G22p38r3;  G22G22p26rl;  G25G6p30r8;  G28G27p39r3;  Gl2g4p17F3;
G29628p40r3; 63628p3er4; G25G6p30rd; Gla2rirlS; G3G2p2rl; G3G2p2r2; G25G6p30r4;  G7G8PsES;
G17G22P38F15; G22G22p26p3; G3G2P2F4; G25G6P30F14; G29G28P40F4; G1G2P1F11; BMX Poténcia RR;
G2566p3sel1; G368p10r8;  G21G621p2srS; Gl1G3p12rl8; 629628paor6; G22622p26r5; G26G17p34F3;
G2566p3sr16;  G10G6p11Fl;  G25G6p3sE3; Gl7G19p23r3; GlG27p32rl7;  G3G28p36r8;  G25G6p35r10;

G1627p3285; G1264p1776;  G365psE7; G16G17p2182; G25G66p30r13; G5GOparl; Gla4rsrl0; 629G28paorS;
Gl1163p12r10; G3G6p7El; G3G628p36r12; G7G8psrO; G3GSpsE3; Gl0GOpr11F14; G25G6p30F9; G3G28p36r];
G617622p38r14; cla3pisrl; cla3p13r9; Gl1a3pi12rlS; Gla4rir9; cladrsr6; 623G623p2sr8; G28G27p39r];
Gla3r13r6; Gla2pirl; G26G17p34r6; G27G6p37r11; G29G28paor10; Gl1G3pi2rl; G2163p19rS; G7G8psF4;

G1G27p32r13; G3628p36r10;  G365psr6;  G24G24p20r60; Gl1G3p12rl7; 62662131745  GlG3pi13E3;
Gl1G3priorll;  G24G24p20rl;  G1G27p32F19;  Gla4rsrd; Gl17622p38r2; Glg27p3orl4;  G25G6p30F6;
G3G28p36r3; Gl0GOP11F2; G28G27p39F2; Gl7G19p23rS; G26G17p34rS; G17G19p23r6; Gl16G17p21F3;

p. 100
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6l163pr13r16; G768pskl; G17622p38r1; G17622p38r10; G1264p1765; 620620p24F2; G12G4p17F2; GlG3p13F2;
G17619p2374; G7G5p16F3; Gl12G4p17rl; G7G5p16F2; G1264p17F10; Gl11G3p12F8; 624G24p29r3; G1G27p32821;
Don Mario 7.01; l62pr1r6; 629628p40r9; G1163p12F9; GlG3r13F7; 6366pr6r3; G7G5p16rl; 626G21p31E3;
GlG3r13r8; G768psE2; G2G13p19r4; GlG27p32F20; Gla2rir7; G6G6p27rl; Gl1G3p12rl2; G27G6p37EY;
Gl1G3pi12rl4; 6768psF3; 623623p2sr4; 62661 7p34r4; G362p283; 6166172171 ; 620620p24F3; G10G6p11F1S;
G29628pa0r1 1; G1066p11F10; G1264pr17k8; G3G5psrl; G1264p1769; G11G3p1282; 623623 p28FS; GlG3P13FES;
cllG3pri2F7; G2613p19r3; G21G21p2sr4;  G24G24p29rS;  G20620p24r4; GlG27p32rl8;  G2G13p19F2;
G1163p12r6; G1163p12r16; G1163p128S; Gl1G3p12F3; G17G622p38F7; 623G23p2sk7; GlG2p1ES; G27G6p37ED;
cllc3pri2r4; G23623p2srl; 62766p37F7; G21G21p25E3; G26621p3182; G26G621p31rl;  G23G23p28FO;
G1163p12r13; G20620p24F1; 620G620p24r7; 62162 1p25F2; G366p7F2; 61627328225 6276637825 G2G13p19E].

Table 2. Tocher's optimization method for the 290 soybean genotypes.

Groups Genotypes

clcdprsrl; c163ri3r11; G25G6P35r9; G10c6p11r11; c1c4r3r11; c10c6pP11F5; 617622p38r8; c1c4pP3r8;
c1627pr32r2; c17c18p22F1; c17622p38F5; c163rP13Fr13; G17619r23r2; c17622pP38F9; c17622p38F11;
61627pr32F9; c1066pP11r4, c17c22p38F12; 61627p32Fr10; 62566r35r8; c1627pP32Fr11; c3c5rser4;
629628pr40r2; c1627pP32F16; c27c6r37F1; c10c6pP11F12; 622622p26F2; c10c6pP11F3; c16G617p21F4;
c2566pP35F13; c2566P35F06; G29628P40r8; c25c6P30F7; G3G28pP36r5; c2566rP35F15; 61627P32F3;
c28c27r39r4; c163pP13Fr12; c3628pP36r2; c1627r32F1; c162P1F9; G164P3F3; c22622pr26F4; G25G6P35F12;
62566p35F1; 61627p32F15; 63628p36r13; 626617p34r2; c1627p32Fr12; c2766r37F10; 625c6p35F17;
c1627pP32F6; c1264P17F4; c2566P30F2; c29c28pP40r7; c2566r30F1; 61627pP32F8; 62566P35F2;
c162r1F13; c27c6r3774; c1c4pP3r7; c10c6pP11F8; c1c4rard; c3c28pr3sr14; c10c6P11F9; c10c6P11F13;
c25c6pP35F18; c25c6pP3sr14; c3628p36r11; c1627pP32F7; c162pP1F10; c2766pP37F3; c2566pP35F4;
63628p36F7; G2566P35F7; 62566P35F19; 62566P30r3; c365PsrD; c2566pP30r11; c162rP1F2; c3628P36F9;
63628pr36r6; c2566pP30F12; c163P13r10; c163r13r15; 617622p38r6; c10c6pP11F6; c1c2rP1F14;
c1624pr17F7; c162rP1F8; c3c5rPer2; c21621p25r6; c163rP13r4; c1cdrar12; c162r1F12; c25c6P30r10;
629628p40r1; c164pP3r2; c1627pP32Fr4; c17622p38F13; c163P13r14; c2766pP37F5; 617622p38F3;
622622p26F1; c25c6pP30F8; 628627r39r3; c12c4pP17F3; 629628r40r3; c3628p36Fr4; c2566P30F5;
c162r1F15; c362r2r1; c362rP2F2; G2566P30F4; c7G8PsFD; c17622pP3sF15; 622622pr26r3; c3c2pP2Fr4;
62566pr30F14; 629c28pr40r4; c162r1F11; BMX Poténcia RR; c25c6p35r11; c3c8r10r8; c21c21p255;
c1163r12F18; c29c28pP40F6; c22622p26F5; c26G17r34rF3; c25c6pP35Fr16; c1066r11F1; c25c6pP35F3;

| 617619p23r3; 61627pr32F17; c3628pP36r8; c2566pP35Fr10; c1627pP32F5; c1264P17F6; c3G5Psr7;
c16617r21F2; 625c6P30F13; c5cbrar1; c1c4r3r10; c29628pP40r5; c1163r12Fr10; c3cbpP7F1;
63628pr36r12; c7c8prsr6; c3c5rsr3; c10c6P11F14; c2566P30F9; c3628r36r1; c17c22p3sF14; c163P13F1;
c163r13F9; c1163r12Fr15; 6164pr3r9; c1c4r3r6; c23c23p28rF8; c28c27r39r1; c163pP13F6; c1c2pP1F1;
626617p34r6; c27c6p37r11; 629628p40r10; c1163r12r1; c2163pP19F5; c7c8psF4; 61627p32F13;
63628pr36r10; c3c5rsr6; G24624r29r6; c1163P12F17; c26621r31F4; c1c3pP13F3; c1163P12r11;
624624r20r1; c1627pP32F19; c1c4r3rd; 617622p38F2; c1627r32Fr14; c2566pP30F6; 63628P36r3;
61066pP11F2; 628G627pP39F2; c17619r23r5; 626c17pr34r5; 617619p23F6; c16617r21F3; c163pP13F16;
c7c8psk1; c17622p3sF1; 17622p38F10; c12c4pP17F5; c20620r24r2; c12c4pP17F2; c163P13F2;
c17619p23r4; c7c5r16F3; G12c4pP17F1; c7c5r16Fr2; c12c4pP17Fr10; c1163P12F8; c24G24pP29F3;
c1627pr32F21; Don Mario 7.0i; c162r1F6; 629628pP40r9; 61163pP12F9; 6163P13r7; c366PsF3; c7Gc5P16rF1;
626621r31F3; c163pP13r8; 67c8prsF2; c2613r19r4; c1627pP32F20; c162r1F7; c6c6rR27F1; c1163p12F12;
c27c6P37F9; c1163p12F14; c768r5r3; 623c23r28F4; c26G17r34F4; c362P2F3; c16617pP21F1;
620c20pr24r3; c10c6P11F15; 629628pP40r11; c1066pP11F10; c1264pP17F8; c3c5rsr1; c12c4pP17F9;
c1163r12F2; 623623p28rF5; 6163P13r5; 61163P12F7; c2613P19r3; c21621p25F4; c24624P29F5;
c20620pr24r4; c1627pP32Fr18; c2613rP19r2; c1163P12F6; c1163P12F16; c1163P12F5; c1163P12F3;
c17622p38F7; c23c23p28F7; c162rP1F5; c27c6pP37F6; c1163P12F4; c23623p28F1; G27G6P37F7;
621621p25r3; c26c21P31F2; 62662 1pr31F1; 623623r28r6; c1163pP12Fr13; 620620r24r1; c20c20p24F7;
621621p25r2; c36c6P7F2; c1627pP32F22; c2766rP37F2; c2613pP19F 1

Il TMG 7166 RR; Don Mario 5.8i; c20620p24r8; c21c21p25F1; 623623p28F2; c20620r24F5;
c24:c24r29F4; c2613P1F96; 623623r28F3; c24c24pP20F2; c29628p40r12

]l NS600 IPRO e DM5958 RSF IPRO
v G26617r3sr1, G27c6r37F8 € c3c6rer1
Vv 66627p3sr1eRoosCamino RR

Vi c10c6pP11F7 €617622p38r4

Vil 2566P35F5
VIl 20620p24F6

IX c3c6rer2
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These genotypes show that the maternal G
parent was responsible for gathering 23.97% of
the progenies in this group, as well as the
maternal G2, G2o, G21 and G2 parents responsible
for 1.87% of the genotypes intrinsic to this group.
The maternal parent G3 indicated that 10.86% of
the progenies had a similar profile, with a lower
segregation attributed to progenies from maternal
parents Gs and Ge¢ with only 0.37%. The G7 and
G26 parents indicate that 3.37% of the progenies
are in this group. The group II was responsible
for gathering eleven genotypes, these being TMG

7166 RR; Don Mario 5.81; G20620p2458;
G21621p2skl; G23G23p2sr2; G20620p24F5;
G24G24p29r4; G2G13p1F9b; G23G23p28F3;

G24624p29F2; G29628pa0r12, the selection of these
families could be favorable due to meeting the
agronomic pattern of commercial cultivars. The
group III defined the presence of the two
commercial cultivars NS600 IPRO and DM5958
RSF IPRO, for group IV it is evident that the
genotypes  G26G17p34rl, G27G6p3788, and
G366perl express peculiarities and segregate with
the same meaning for the characters of interest.
Group V reunited the segregating family
G6G27p33rl and the commercial cultivar Roos

Camino RR. Group VI defined that from families
61066p11r7 and g17G22p3sr4 present themselves
similar even though they come from contrasting
parents. Groups VII, VIII and IX express the
classification of specific families G25G6p3sES,
G20G20P24F6 €G3GOPsF2, respectively.

In this method, the similar genotypes are
grouped in the first hierarchical patterns (Cruz et
al., 2014). This analysis made it possible to
reveal which genotypes were phenotypically
similar to commercial cultivars, and which of
these segregating families could be selected
considering all the agronomic attributes
simultaneously, but those groups that did not
reveal the presence of commercial cultivars
express the possibility of selections in the next
generations due to high variability available.
Considering the genetic distinctions between the
groups (Table 3), it was observed that the
maximum inter group heterogeneity was
evidenced between groups V and VI (0.50) and
VI and IX (0.46). Therefore, these arch for the
maximum genetic variability of the breeding
program in soybean can be obtained using the
contrast of these groups.

Table 3. Tocher's optimization method intergroups of 290 soybean genotypes.

Groups | ] 1] v Vv Vi Vil VI IX
1 0.20 0.34 0.30 0.31 0.36 0.30 0.32 0.32 0.41

] 0.24 0.36 0.31 0.29 0.47 0.44 0.30 0.42

i 0.14 0.38 0.33 0.37 0.42 0.36 0.41

v 0.23 0.33 0.46 0.34 0.33 0.37

Vv 0.19 0.50 0.44 0.44 0.43

Vi 0.24 0.37 0.44 0.46
Vi 0.0 0.44 0.41
VI 0.0 0.41
IX 0.00

The use of Artificial Neural Networks
(ANNs) with unsupervised computational
learning defined that the variability available

requires 20 centroids to explainand classify the
soybean segregating patterns, the classifications
are expressed as follows,

Gla2rirls, G3a62porl, G362r2F4, G5GOrarl, G7G8psES, G366prer3, G3G8pr10r8, Gla3pr13rl0, c16G17piF],

G6G6pP27F1, G25G6P30F9, G25G6p30r10, G25G6p30r11,

G2566p3srl1, G3G628p36r0, G3G28p36r8 (Centroid

1);6768psr4, G768psk6, G366p7Fl, Gl1G3P13rl6, G20620p24r2, G20G20p24r3, G24G24p20F0, G26G21p31F4,

G28627p39r2 (Centroid 1I);6362p2F3, G7G8psFl,

G768ps5r2, G768psF3, G3Goperl, G20620p24F1,

G20620p24r4, G20G20p24r6, G20620p24r7, G21G21p25E3, G21G21p2sk4, G24G24p20r3, G24G24p20r4,

G24G24p29F5, G26G21p31F2, G26G21p31F3,

p. 102

Glc27p32r21

(Centroid 1II);G366p6r2, G20G20p24F5,



Functional Plant Breeding Journal / v.3, n.1, a8

G20G620p24r8, G21G21p2skl, G21G621p2sk2, G26G21p31Fl, G26G17p34rl, Don Mario 5.81 (Centroid
IV);6362p282, G10G6p11F], G1163p13Fl, G1G3P13E9, G765pr16E3, G16G17p21F2, G25G26p30F8, G25G6pP30F12,
G2566p30r13, G1627p32F17, 62566p35F17, G3628p36r4, 629G628p40r] (Centroid V);cla2pirl, la2pirl 1,
G365psF3, G365psrb, G365psF7, G1163p12rl 7, c1163p12F18, GlG3r13r3, Gla3r13r4, GlG3pr13ES, Gla3p13F6,

G765p16rl, Gl6G17p21E3, Gl17G19p23r0, G21G21p2sES, G22622p26rl, G22G22p26FS, G23G23p2sF4,
G23623p2sr8, G24G24p29rl, G25G6p30FS, G25G6pP30r0, GlG27p32F22, G26G17p34r6, G25G6p35F16,
63628p36r10, G2766p37r11, G17622p38r15, G29628paord, 629628paorS (Centroid VI);6365psrl,

Gla3p13F7, 6lG3r13r8, 62613p1983, 623G623p28r1, 623623p2sES, G1G627p32r13, 626G17p34F5, 63G628p36r12,
627663789, G17622p38F7, G28G27p39rl, Don Mario 7.0i (Centroid VII); gl1c3pi12r3, 6l1c3pi12F4,
Gl1G3pr12ES, Gl1G3p12r6, Gl1G3p12rl3, Gl1G3p12rl6, G2G13p19rl, G23G623p2sr2, G23G23p2sE3,
G23623p28r6, G6G27p33F1, G29628p40r12, Roos Camino RR, TMg 7166 RR (Centroid VIII);c3G5psFS,
61066p11r14, GlG3p13r12, 622622263, G2566p30r1, G1G27p32F1, G1G27p32F4, G1G27p32FS5, Gl1G27p32F 1S,
G2566p35F1l, G25G6p35F2, G25G6p35F7, G25G6p35E1S, G2566p35r18, G28627p39r3, G29628p40r6 (Centroid
IX);6lc2rirl2, gla2prirl4, G3G6p7E2, G3G5psr2, Gl2c4pr17F7, G21G21p25F0, G25G6p30E3, G25G6P30F4,
G2566p30r14, G1627p32r12, G2566p3583, 627660pr37r10, 617622p38r14, 629628p4a0r3, BMX Poténcia RR
(Centroid X);cla2prir8, Glag4rsrl0, Gl1163p12F9, G1163p12F10, G11G3p12r11, Gl1G3p12FlS, G7G5p16F2,

Gl1264r17F2, Gl1264r17710, G2G13p19F4, G2G613p19rS, Gl17619p23r4, Gl12G7p32F19, G26G17p34r4,
62766p37¢6, G27c6p37r8 (Centroid XI);clc4rseS, cla4rse6, cl1c3pi2r2, cl1G3p12F7, Gl11G3p12ES,
Gl1G3pri2rl2, Gl1G3p12rl4, Gl12c4r17rl, Gl1264P17F9, G2G13p19r2, G2G13p19r6, G24G24p20F2,

61627p32F20, 62766p3787, NS6700 IPRO, DM5958 RSF IPRO (Centroid XII);G365prsr4, 622G22p26r4,
G2566p30F2, G25G66p30F7, Gl1G27p32r0, G25G6P35F0, G25G6p35F10, G3G628p36rl, G3G28p36F2, G3G28p36F3,

G3628p36FS,  G3628p36F7,  G3628p36r9,  G28G27p3or4,  G29628paor2, G29G28paor7  (Centroid
XI);6le2pir9, cla2rirl3, Gl1264p1776, Gl16G17p21F4, 622622p26F2, GlG27p32F2, GlG27p32F3,
Glc27p32F7, GlG27p32r8, GlG27p32rl6, G26G17p34r2, G26G17p34r3, G25G6p3sr12, G25G6p3sFl3,

G2566p3srl4, G3628p36r13, G27G66p37FS, G17622p38r13, G29628paor10 (Centroid XIV);glc2pirlO0,
clc4rsr3, cledrsrl2, G1066p11F8, G10G6p11F13, G1264p17F3, G17G18p22Fl, 617G619p23F3, G1G27p32F18,
G17622p38r3 (Centroid XV);gle4rsr2, cle4rir7, clla3rizrl, Gla3ri3r2, cla3risrl4, Gla3pisrls,
6lG27p32r14, G17622p38r6 (Centroid XVI);cla2pir2; la4rsr8; 61066p11r4, Gla3pi1srll, cl1G27p32r9,
6l1627p32r10, GlG27p32rll, G25G6p3sk8, G25G6p3sr9, G3G628p3erll, G3628p3erl4, G27G6p37Fl,
G17622p38r1, G17622p38F9, 617622381 1, G29628p40r8 (Centroid XVII);gl62pirS, clcdrsrl, glgérsrd,
G10G6p11E3, G10G6p11El1l, G10GOP11F12, GlG3ri13rl3, Gl17G619p23E2, G25G6p3sF19, G27G6p37F4,
G17622p38r8, G29628paorl1 (Centroid XVIII);c162pr1r6, clG2prir7, clc4r3r9, cladrsrll, g10G6P11F2,
G10G6p11£6, G10G6p11F7, G10G6P11F]S, G1264r17F4, G12G4p178S, G17G19p23F4, G25G6p35F4, G27G6p37E2,
G27G6p37F3, G17G22P38F2, G17G22P38F5, G17G22P38F10, G17G22p3g]:12, G29G28P40F9 (Centroid XIX);
G1264r1788, 623G623p28F7, G2566p35FS, G17622p33r4 (Centroid XX),

thus defining that the 290 genotypes studied are
stratified into 20 genetic patterns (Table 4, Figure
4), and the selection can be directed to the
centroid level, where when defining the
agronomic ideotype of interest, as well as, locate
which centroid of reference, so that those
genotypes that stand together in this pattern
possibly express same sense in these gregation in
the next generations.

In this context, Artificial Neural Networks
can define and assist the selection strategies

(Figure 5). Therefore, the number of pods in the
main stem (NPMS), number of pods with two
seeds (NP2) and number of pods in the branches
(NPB) determined the formation of Centroid I,
the number of pods with three seeds (NP3), and
seed mass per plant (SMP) defined centroid II,
first pod insertion height (FPI) and number of
pods with one seed (NP1) were responsible for
the formation of the centroid IV, the number of
branches (NB) and the number of pods with four
seeds (NP4) define the pattern for centroid VI.
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Table 4. Definition of the profiles through Artificial Neural Networks by the Kohonen Map for the 290
soybean genotypes.

Centroids Neurons

c1c2r1r15, c362r2r1, c362r2r4, c5cbrP4r1, c7c8psED, c366pPsF3, c368r10F8, c1c3r13r10,
| c16G17p21F1, c6G6P27F1, G2566P30F9, c2566P30F10, c2566P30Fr11, c2566P35F11, c3628P36F0,
c3G28p36F8

I G7c8psr4, c768prsr6, 63c6r7F1, 6163P13Fr16, 620620r24F2, c20620r24F3, c24G624r29F6,
26G21p31F4, c28Gc27pP39F2

63c2pr2r3, c7c8prsF1, c7c8rsr2, c7c8prsr3, c3cbrsr1, c20620r24r 1, c20c20r24F4, c20620p24F6,

]l 620620p24F7, c21621p25F3, 62162 1p2sr4, 624624p20r3, c24G24p20r4, c24624pP20F5, c26621p31F2,
26c21p31F3, c1627p32F21

v 63c6pPsr2, c20620p24r5, c20620r24F8, c21621p25F1, c21621p25F2, c26c21P31F1, c26G17p34r1,
Don Mario 5.8i

v 63c2pr2F2, c10c6pr11F1, c1163pP13F1, c163P13F9, c7c5r1er3, c16617pP21F2, c25626r30F8,

c2566P30F12, c2566P30F13, c1627pP32F17, c25c6P35F17, c3628P36r4, c29c28pP40r1

c1e2prir1, c162r1r11, c3c5rsr3, c3c5rsrb, c3c5prsr7, c1163rP12F17, c1163p12Fr18, c163P13F3,
c1c3pr13r4, c163P13r5, c163rP13r6, c7c5r16F1, G16G17r21F3, c17619pP23F6, c21621r25F5,

Vi 622c22p26F 1, 622622p26F5, 623623p28F4, 623c23p28F8, c24624p29F1, c2566pP30F5, c2566P30F6,
c1627p32F22, c26G617pP34F6, c2566pP35F16, c3628pP36Fr10, c27c6rP37Fr11, c17622p38F 15,
29628praor4, c29628p40r5

ViI c3c5rer1, c163r13r7, 6163rP13r8, 62613r19r3, 623623pr28F 1, 623623p28r5, c1627pP32Fr13,
G26G17p34r5, c3628pP36r12, c27c6pP37F9, c17c22p38F 7, c28c27r39r1, Don Mario 7.0i

c11c3pr12F3, c1163r12F4, c1163P12F5, c1163r12F6, c1163pP12F13, c1163r12F16, c2613pP19F 1,

VIl 623623p28F2, c23c23r28F3, c23c23r28F6, 66c27r33F1, 629628pr40Fr12, ROSS Camino RR, TMe
7166 RR
365psrb, 61066pP11F14, 6163p13r12, 622622p26r3, 62566pP30F1, c1627p32F1, 61627 p32F4,

IX 61627r32F5, G1627r32F15, 62566P35F1, 62566P35F2, c2566pP35F7, G2566pP35F15, c2566P35F18,

628627r39r3, 629628p40r6
c1c2r1F12, c162rir14, c3c6pP7F2, c365prsr2, c12c4r17F7, c21621p25F6, c2566pP30F3, c25c6rP30F4,

X c2566P30F14, c1627pP32F12, c25c6P35r3, c27c6pP37F10, c17622r38Fr14, c29628p40r3, BMX
Poténcia RR
c1c2r1r8, c1c4r3r10, c1163r12F9, c1163r12F10, c1163pr12F11, c1163rP12F15, c7c5pP16F2,

Xi c12c4pr17F2, c12c4pr17r10, c2613rP19F4, c2c13r19F5, c17619r23F4, c1267pr32F19, c26G17p34F4,

Gc27c6pP37F6, c27c6pP37F8

c1c4pr3rb, c1c4r3rb, c1163r12F2, c11c3p12F7, c1163P12Fr8, c1163pP12F12, c1163P12Fr14,
Xl c12c4pr17r1, 61264pr17F9, c2613r19r2, c2613P19r6, 624G24r20r2, 61627r32F20, c27c6pP37F7,
NS6700 IPRO, DM5958 RSF IPRO

c3c5prsrd, c22622pr26F4, c2566P30F2, c2566r30F7, c1627P32F6, G2566pP35F6, c25c6P35F10,
Xl 63628pr36r1, c3628pr36F2, 3628p36F3, c3628r36F5, 63628r36F7, 63628r36F9, 628627 P39F4,
629628p40F2, 629628p40r 7

6162r1F9, 6162pr1F13, 61264pP17F6, c16G17pP21Fr4, 622622p26F2, c1627pP32F2, 1627P32F3,
XIv c1627p32r7, c1627p32F8, 61627r32Fr 16, c26G617pP34F2, c26617r34r3, c2566pP35F12, c2566P35F13,
62566pr35r14, 63628pr36r13, c2766P37F5, 617622p38F13, 629628p40r10

XV 61c2r1F10, c1c4r3r3, c1cdrsr12, c10c6pP11F8, c10c6pP11F13, c1264pP17F3, c17618p22F1,
c17c19p23r3, c1627r32F18, c17622p38F3

XVI clcdr3r2, c1cdrar7, c1163pri2F1, c163r13r2, c1a3r13r14, 6163pP13r15, 61627r32Fr 14, 617322p38F6

c162r1F2; c164r3r8; c10c6rP11F4, c163P13r11, 61627pP32F9, 61627pr32Fr10, c1627p32Fr11,
XVl 62566pP35r8, c2566p35F9, c3628r3sr11, 63628r36r14, c27c6r37r1, 617622p3sF1, 617622p38F9,
c17c22p38F11, c29c28pP40F8

XVIIl c162r1r5, c1cdprsr1, c1cdrird, c10c6pP11F3, c1066P11F11, c10c6P11F12, c163P13F13,
c17c19p23r2, c25c6P35F19, c2766pP37F4, c17c22pP38F8, c29628p40r11

c162pr1FB, c162riF7, c1c4r3r9, c1edrsr11, c10c6r11F2, c10c6P11F6, c10c6P11F7, c10c6P11F15,
XIX c12c4pr1774, c1264pr17F5, c17619r23F4, c2566pr3s5F4, 27 66r37F2, 27 66pP37F3, 617622pP38F2,
c17622p38F5, c17c22p38Fr10, c17622p38Fr12, c29628p40Fr9

XX 612c4r17r8, 623623p28r7, 62566P35F5, 617622pP38F4
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Figure 4. Artificial Neural Networks (ANNSs) obtained by the Kohonen Map defining the centroids (red) as
the standard for the 290 genotypes and synaptic connections (dashed lines).
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Figure 5. Artificial Neural Networks (ANNSs) obtained by the Kohonen Map for the variables: first pod

insertion (IFV); plant height (PH); number of pods in the main stem (NVMS); number of pods in the branches
(NVB); number of branches (NB); number of pods with one seed (NV1); number of pods with two seeds

(NV2); number of pods with three seeds (NV3); number of pods with four seeds (NV4) and seed mass per
plant (SMP).

Conclusions profile are derived from the genetic

complementarity of the contrasting parents used.

Soybean segregating families express high  The multivariate models allow to define patterns
genetic variability within and between the for the selection of transgressive families that
segregating populations of origin. The

tend the agronomic ideotype of the commercial
heterogeneities in the soybean segregation cultivars.
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