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Abstract
This study was carried out in order to assess the genetic diversity of 20 cassava (Manihot esculenta Crantz) genotypes with 
high phenotypic performance using microsatellite markers. Two groups were considered for this study: eleven varieties for 
industrial uses and nine for household consumption. By using nine microsatellite primers, high polymorphism was identified in 
all the loci analyzed, with values reaching 100%. On average, 3.4 alleles per locus were found, with 0.371 the value estimated 
for the observed heterozygosity and 0.555 for gene diversity for the entire set of varieties. The genetic variability found in 
both varieties, cultivated on a large-scale in the South Center region of Brazil, is wide enough to allow the choice of divergent 
parental genotypes to be used in crosses to obtain new recombinant genotypes. Furthermore, the analyses indicated a high 
genetic variability within the two groups (I: varieties for industrial uses; II: varieties for household consumption). However, vari-
eties for household consumption attain higher genetic variability, probably due to high priority placed on selection of different 
sensorial traits. In the cluster analysis, a tendency for separation of varieties for industrial use and household consumption 
was verified. Our results represent an important source of information to the cassava breeding program in Brazil.

Key words: Manihot esculenta, genetic diversity, germplasm, microsatellites.

Avaliação comparativa da diversidade genética de variedades brasileiras de 
mandioca industriais e de mesa usando marcadores SSR 
Resumo

Este estudo teve como objetivo avaliar a diversidade genética de 20 genótipos de mandioca (Manihot esculenta Crantz) com 
alto desempenho fenotípico, utilizando marcadores microssatélites. Foram considerados dois grupos: onze variedades para 
fins industriais e nove variedades de mesa. A partir de nove iniciadores foi identificado alto polimorfismo para todos os locos 
analisados, atingindo valores de 100%. Em média, foram encontrados 3,4 alelos por loco, sendo 0,371 o valor estimado para 
a heterozigosidade observada e 0,555 para a diversidade gênica, no conjunto total de variedades comerciais avaliadas. A 
variabilidade genética observada em ambos os grupos de variedades, cultivadas em larga escala na Região Centro-Sul do 
Brasil, é ampla o suficiente para permitir a escolha de genótipos parentais divergentes para serem utilizados em cruzamentos 
para obter novos genótipos recombinantes. Além disso, as análises revelaram alta variabilidade genética dentro dos dois 
grupos (I: variedades industriais; II variedades de mesa). Contudo, nas variedades de mesa houve maior diversidade genética, 
provavelmente devido à alta prioridade dada às características sensoriais. Pela análise de agrupamento, verificamos uma 
tendência para a separação das variedades industriais das de mesa. Os resultados representam importante fonte de infor-
mação para programas de melhoramento de mandioca no Brasil. 

Palavras-chave: Manihot esculenta, diversidade genética, germoplasma, microssatélites.

1. INTRODUCTION

Cassava is one of the most important crops in tropical 
and subtropical regions. In 2009, the cultivated area 
for this crop included more than 18.9 million hecta-
res worldwide, producing over 233 million tons of root 
tubers with 25.8 million tons produced in Brazil (Fao, 

2011), where the annual average consumption reached 
50.6 kg/person (Ibge, 2007). 

Cassava consumption is widespread in Brazil, es-
pecially in rural areas where it is consumed by indige-
nous and traditional populations (Amorozo, 2000, 
2008). In the South Center region, near the Tropic of 
Capricorn, in the States of Santa Catarina, São Paulo, 
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Paraná and Mato Grosso do Sul, cassava is cultivated in 
different ways. In these regions, cassava fields are cropped 
by traditional farmers who use cassava for self- consump-
tion, similarly to the way natives did, and, also, a conside-
rable volume of cassava has been produced for commer-
cial purposes. 

Farmers who grow cassava for commercial purposes 
are classified in two groups: those who grow varieties for 
household consumption or sweet cassava, which are com-
mercialized either in natura, or frozen at horticulture ma-
rkets; and those that grow cassava industrially to produce 
starch and flour. Both groups grow a few cultivars of cas-
sava, well-adapted to edaphoclimatic conditions and re-
gional production systems, which show potential for high 
yield and resistance to biotic and abiotic stresses. Varieties 
for household consumption must present typical senso-
rial characteristics and low cyanogenic potential, whereas 
industrial varieties must show high dry weight potential 
and some level of cyanogenic acid (Valle et al., 2004). 
These varieties are developed by plant breeding programs 
or selected by the local farmers themselves. 

In Brazil, cassava was first bred at the Agronomic 
Institute (IAC) in Campinas (SP), in the 1940s, playing 
an important role to produce genotypes that would grea-
tly impact the agribusiness in Brazil and other countries. 
At first, the program aimed to assess the genetic diversity 
of the main genotypes which conveyed potential to be 
used as parents in directed crosses. Considering that most 
of these genotypes have been widely cultivated, a second 
purpose was to evaluate the genetic vulnerability of these 
cultivars (Villela et al., 1985; Valle et al., 2004). 

Molecular markers have been used in cassava to, 
among others objectives, analyze genetic diversity and/or 
varietal identification. RFLP (restriction fragment length 
polymorphism) (Beeching et al., 1993), AFLP (ampli-
fied fragment length polymorphism) (Raji et al., 2009), 
RAPD (random amplified polymorphic DNA) (Asante 
and Offei, 2003; Zacarias et al., 2004; Ferreira et  al., 
2008), microsatellites (Chavarriaga-Aguirre et al., 
1998; Fregene et al., 2003; Peroni et al., 2007; Raji 
et al., 2009; Siqueira et al., 2009, 2010) and occasio-
nally the combination of various markers (Mühlen et al., 
2000; Carvalho and Schaal, 2001) have been used 
to carry out these genetic studies over the last decade. 
Microsatellites or SRR (simple sequence repeats), which 
are highly polymorphic and codominant markers, have 
been used in the identification of contrasting genotypes 
in plant breeding programs. These markers aid the search 
for potential genotypes, providing useful information of 
existing variability and association with phenotypic cha-
racteristics (Roa et al., 2000; Kawuki et al., 2011). 

This study aimed to assess the genetic diversity of 20 
high agronomic performance cassava genotypes cultivated 
in the Central Southern region in Brazil using SSR ma-
rkers, in order to evaluate the level of genetic vulnerability 

of cassava in this region, and also to compare the genetic 
diversity among and within two cassava groups according 
to their use (varieties for industrial use and household 
consumption). Considering that there is a relatively small 
number of local varieties and that others originated from 
plant breeding programs are cultivated in this region in 
Brazil (Valle et al., 2004), we intend to identify impor-
tant genotypes to be used in parental crosses. 

2. MaTeRIal aND MeThODs

sample collection

The genotypes used in this study, from the Agronomic 
Institute (IAC) germplasm collection, in Campinas, São 
Paulo, Brazil, were divided into two groups: nine varieties 
for household consumption and eleven varieties used for 
several industrial purposes. Their origins and main agro-
nomic characteristics are described in table 1. These cul-
tivars are grown in the South Central region of Brazil, in 
the States of Santa Catarina, São Paulo, Paraná and Mato 
Grosso do Sul, and represent the most used cultivars for 
commercial purposes. Actually, IAC-12, IAC-13, IAC-14 
and IAC-15 are strongly required by the industrial market. 
On the other hand, IAC 576-70 and Clone IAC 06-01 are 
commonly used for home consumption market. The other 
genotypes are maintained in the germplasm bank for bre-
eding purposes.

DNa extraction

We followed the methodology described by Doyle and 
Doyle (1990), with modifications (Siqueira et al., 2009) 
for DNA extraction. Young expanded leaves were collec-
ted from each variety, dehydrated at 60ºC for 72 hours 
and then ground. The extraction buffer composition was 
0.1M Tris-HCl, pH 8.0; 1.2M NaCl; 3% CTAB; 30mM 
EDTA, pH 8.0; 1% Mercaptoethanol. Quantification 
was carried out in 4% polyacrylamide gel using silver ni-
trate as the staining method (Bassam et al., 1991).

PCR amplification

The polymerase chain reactions were conducted in a fi-
nal volume of 10.2 µL containing 0.2 µL Taq polymera-
se (5  U µL-1); 1.0 µL Buffer (10X); 1.0 µL MgCl2 (50 
mM); 0.5 µL Primer F (5 pmol µL-1); 0.5 µL Primer R 
(5 pmol µL-1); 1.0 µL dNTPs (2.5 mM of each); 3 µL 
Milli-Q H2O and 3 µL DNA (5 ng µL -1). Nine pri-
mers established by Chavarriaga-Aguirre et al. (1998) 
(GA-5, GA-12, GA-21, GA-126, GA-127, GA-131, GA-
134, GA-136 and GA-140) were used. PCR reactions 
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Cultivar Abbreviation Crossings Use Origin Main traits (1)

IAC 12 IAC 12 Polycross of elite clones Industrial IAC (2) High dry matter content, adapted to a 
prolonged hydric deficiency

IAC 13 IAC 13 Polycross of elite 
varieties Industrial IAC High dry matter content, tolerant to low 

fertile soils

IAC 14 IAC 14 Polycross of elite 
varieties Industrial IAC High dry matter content, , tolerant to low 

fertile soils, high bacteriosis resistance

IAC 15 IAC 15
SRT-59 Branca de Santa 

Catarina x SRT1174-
Rainha

Industrial IAC Low dry matter content, excellent quality 
flour

IAC Caapora CAAP
Open pollination of 

SRT-59 Branca de Santa 
Catarina

Industrial IAC High dry matter content, vigorous, high 
bacteriosis resistance

IAC 90 IAC 90 Open pollination of 
SRT-1287 (Fiber) Industrial IAC

High dry matter content, adapted to 
high fertile soils, adapted to mechanized 

planting 
SRT - 1445 
(Fécula Branca) FECBR Landrace Industrial Paraná (3) High dry matter content, adapted to 

mechanized planting
SRT - 1335
(Espeto) ESP Landrace Industrial Paraná Medium dry matter content, adapted to 

mechanized planting
SRT - 1289 
(Olho Junto) OLHO Landrace Industrial Paraná Extremely high dry matter content, low 

height, susceptible to bacteriosis

SRT - 1099 
(Taquari) TAQ Unknown cross Industrial E.E. Taquari (3)

High resistance to bacteriosis, vigorous, 
high fertility in crossings, tolerant to mild 

temperatures.
SRT - 59 
(Branca de 
Santa Catarina)

BSC Landrace Industrial Santa 
Catarina

Low dry matter content, low adaptation to 
mechanized planting, less cultivated lately, 

high fertility in crossings

IAC 576-70 576-70 SRT-797 Ouro do Vale x 
IAC 14-18

Household
consumption IAC

Yellow flesh color, uniform roots and 
good culinary qualities. Main variety 
commercialized in the horticulture 

markets
SRT 1333
 (Amarela) SRT 1333 Landrace Household

consumption Coxim (MS) Yellow flesh color, uniform roots, excellent 
agronomic traits, used in small markets

SRT 1221 
(Amarela) SRT 1221 Landrace Household

consumption
São Pedro do 

Turvo (SP)
Yellow flesh color, uniform roots, used in 

small regional markets
SRT - 797 
(Ouro do Vale/
OURO)

OURO Landrace Household
consumption

Pindamo-
nhangaba (SP)

Yellow flesh color, non-uniform roots, 
excellent culinary quality, important in 

urban agriculture

Clone IAC 06-01 06-01 SRT 1221 x IAC 576-70 Household
consumption IAC Very yellow flesh color, source of genes 

for high β-carotene content

IAC 14-18 1418 Open pollination of
 SRT-454 Gaxupé

Household
consumption IAC

White flesh color, high dry matter content, 
favorable architecture for cultural 

practices

IAC Jaçanã JAÇ
SRT 524 Aipim 

Paraguaio 
x IAC 5-165

Household
consumption IAC White flesh color, vigorous, excellent 

culinary quality

SRT - 1540 
(Três Meses) TRÊS Landrace Household

consumption Paraná White flesh color, source of genes for low 
height and precocity

IAC 24-2 
(Mantiqueira) MANT Open pollination of SRT-

120 Santa
Household

consumption IAC
White flesh color, high spatial stability, 

identified in various world regions as CMC 
40

Table 1. List of the 20 genotypes of cassava (Manihot esculenta) analyzed

(1) Important traits for a cultivar and/or a parent in plant breeding programs. (2) Developed by the plant breeding program of the Agronomic Institute (IAC), Campinas, São 
Paulo, Brazil. (3) Developed by the plant breeding program of the Experimental Station of Taquari, Taquari, Rio Grande do Sul, Brazil. SRT - landraces belonging to the IAC 
cassava germplasm bank. Varieties – genotypes cultivated by agriculturists; Clones – elite genotypes from the IAC plant breeding program.

were performed at a BioRad MyCycler Thermal Cycler, 
under the following conditions: 4 min at 95 oC, 29 cycles 
of 1 min at 95 oC, 2 min at the annealing temperature 
defined for each primer and 2 min at 72 oC, and the 
final extension stage of 1 min at 72 oC. The annealing 
temperatures used were 52 ºC for GA-134, 54 ºC for 
GA-131, 57 ºC for GA-12 and GA-126, 59 ºC for GA-

127, 60 ºC for GA-5, 62 ºC for GA-21 and GA-140, 
and 64 ºC for GA-136. Amplified fragments were sepa-
rated in 6% non-denaturing polyacrylamide gels at an 
initial voltage of 60 V for 30 min and a final voltage of 
120 V for 3 h and 30 min, using a 10% TBE 10X buffer. 
Microsatellites bands were identified by silver nitrate me-
thodology (Bassam et al., 1991). 
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statistical analysis

Allele frequencies and the parameters average number of 
alleles per polymorphic locus, percentage of polymorphic 
loci, observed heterozygosity (H0), gene diversity (He), 
and the inbreeding coefficient of Wright were estimated 
considering the two groups (industrial and household 
consumption varieties), with the GDA (Genetic Data 
Analysis) software (Lewis and Zaykin, 2001). The modi-
fied Rogers’ distance between accessions was also estima-
ted using the TFPGA software (Miller, 1997). A cluster 
analysis was then obtained with the modified Rogers´ dis-
tance matrix and the UPGMA method, using DARwin 
5.0 software (Perrier et al., 2003).

3. ResUlTs aND DIsCUssION

Using nine SSR loci, we found high polymorphism 
(100%) for all loci in both types of cassava genotypes. 
Also, we identified high genetic variability among the 20 
genotypes analyzed as well as within the two groups (va-
rieties for industrial use and household consumption), 
indicating no genetic vulnerability in the cassava grown 
in the South Central region of Brazil. The number of 
alleles ranged from two (loci GA-5 and GA-134) to se-
ven (GA-127) alleles per loci. The average observed he-
terozygosity per loci (Ho) was 0.34, lower than the gene 
diversity value per loci (He = 0.58). When the observed 
heterozygosity is lower than expected, which is our case, 
this discrepancy may be attributed to causes such as in-
breeding and a heterozygous deficit. Our results could 
be attributed to the many crosses and inbreeding pro-
cesses performed at the Agronomic Institute breeding 
program, which occurred toward different directions, in 
a way to select particular traits aiming at different pur-
poses. The results observed here are expected because the 
evaluated genotypes were selected to form two different 
groups, each one with similar traits, i.e., the industrial 
genotypes were conducted to produce higher flour con-
tent and the home consumption varieties to produce 
good culinary characteristics.

The number of alleles per polymorphic locus was hi-
gher in varieties for household consumption (4.0) com-
pared with the industrial varieties (2.8), while the average 
regarding this parameter in both groups was 3.4 (Table 2). 
Observed heterozygosity (H0= 0.433) and gene diversity 
(He= 0.642) values were higher for the household con-
sumption varieties when compared with the industrial 
varieties (H0= 0.309 and He = 0.467). The average values 
for observed heterozygosity and gene diversity were H0 = 
0.371 and He = 0.555, respectively. The fixation index of 
Wright was established in such a way that the two groups 
(household consumption and industrial cassava) presen-
ted an excess of homozygotes (0.370) on average. 

Varieties N A P (%) Ho He f
Industrial 11 2.8 100 0.309 0.467 0.410
Household 
consumption

9 4.0 100 0.433 0.642 0.330

Mean 3.4 100 0.371 0.555 0.370

Table 2. Genetic parameters estimated for industrial and 
household cassava varieties. Number of individuals analyzed (N), 
average number of alleles per polymorphic locus (A), percentage of 
polymorphic loci (P), average observed heterozygosity (H0), gene 
diversity (He) and fixation index of Wright (f ) for cassava (Manihot 
esculenta) varieties for industrial and household consumption

Siqueira et al. (2009) detected high levels of poly-
morphism (95.5%) when assessing 42 cassava landraces 
from five regions in Brazil with SSR markers; Asante and 
Offei (2003) found 97.5% of polymorphism in 50 cas-
sava accessions using four RAPD primers and Cabral et 
al. (2002), with isoenzymatic markers, registered 100% 
of polymorphism, evaluating 200 accessions from several 
regions in Brazil. Mkumbira et al. (2003) also reported 
high levels of polymorphism using seven microsatelli-
te loci to evaluate 277 genotypes cultivated in Malawi, 
Africa. The varieties for household consumption in this 
study showed a high number of alleles per locus (4.0). 
Fregene et al. (2003), analyzing 283 cassava accessions 
from various countries using 67 microsatellite loci, found 
similar values, with an average of 4.03 alleles per locus. 
When analyzing 36 African landrace cultivars and 27 elite 
lines selected from 400 elite cassava lines maintained at 
IITA (International Institute of Tropical Africa), Ibadan, 
with 50 SSR markers, Raji et al. (2009) found 3.6 and 
3.5 alleles per locus, respectively, for the landraces and 
elite cultivars.

In the literature, data have focused on regional and 
even worldwide cassava collections, while our study refers 
to potential genotypes from breeding programs of cassava 
which were also submitted to a careful selection process, 
preserving the high diversity existing in the original ma-
terial. Among the genotypes used in our study, four va-
rieties for industrial use (FECBR, ESP, OLHO and BSC) 
and four varieties for household consumption (SRT1333, 
SRT1221, OURO and TRÊS) were selected directly 
from landraces, while the other varieties were obtained 
from specific crosses (IAC15, 576-70, 06-01, JAÇ and 
TAQ), from polycrosses of elite clones (IAC12, IAC13 
and IAC14), or from open pollination (CAAP, IAC90, 
14-18 and MANT), the majority originated from the 
plant breeding program leaded by IAC. The main feature 
observed in the varieties for industrial use is the high dry 
matter (DM) content (IAC12, IAC13, IAC14, CAAP, 
IAC90, FECBR and OLHO). Adaptability to mechani-
zed planting (IAC90, FECBR and ESP) is also an appre-
ciated trait in extensive crops, while other characteristics 
such as tolerance to low-fertile soils (IAC13 and IAC14) 
and resistance to bacteriosis (Xanthomonas campestris pv. 
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Figure 1. Dendrogram based on UPGMA method and modified Rogers’ genetic distance for nine microsatellite loci and 20 cassava 
genotypes, among which 11 varieties for industrial use (I) and nine for household consumption (H).

manihotis) (IAC14, CAAP and TAQ) are also desirable 
for the varieties for industrial use (Table 1). On the other 
hand, flesh-colored cassava (a regional preference) and the 
excellent culinary quality are among the main properties 
expected in varieties for household consumption. 

The higher genetic diversity observed in varieties for 
household consumption in this study, as discussed abo-
ve, is possibly due to larger and more subjective selection 
pressures when compared to the varieties for industrial 
use. Important traits for the industrial varieties are pro-
ductivity, resistance to bacteriosis, DM yield and adap-
tability to mechanized planting (Villela et al., 1985), 
while other characteristics received less attention. On the 
other hand, taking into account the regional aspects and 
different selection processes, varieties for household con-
sumption have a number of traits with similar importan-
ce: productivity, resistance to bacteriosis, and an extensive 

group of sensorial features (color, flavor, baking quality, 
cooked mass type and texture) which form the main fe-
atures of cassava. Therefore, varieties for household con-
sumption probably contain a higher genetic diversity to 
comply with demand for sensorial traits.

The dendrogram obtained in the cluster analysis indi-
cated a separation of the two types of varieties (household 
and industrial varieties), with a few exceptions (Figure 1), 
although the bootstrap analysis did not confirm the con-
sistency of these groups. These results can be explained by 
a low number of loci evaluated here. The use of a higher 
number of SSR loci, available at Mba et al. (2001) and 
Raji et al. (2009), might contribute for the increase in 
the consistency of these groups. But still, we can conclude 
that a tendency for separation of the two types of varieties 
exists. Two groups contained most of the industrial varie-
ties, including three household varieties (MANT, TRÊS 

OURO (H)

576-70(H)

SRT1333(H)

SRT1221(H)
IAC-90(I)

14-18(H)

06-01(H)

MANT(H)

TRÊS(H)

IAC-12(I)

CAAP(I)

IAC-15(I)
TAQ(I)

FECBR(I)
BSC(I)

IAC-14(I)
IAC-13(I)

JAÇ(H)

OLHO(I)

ESP(I)

0 0.2
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and JAÇ), all three with white flesh color. The other group 
contained the household varieties, most of them with 
yellow flesh color, except for 14-18, and one industrial 
variety (IAC-90). Yellow flesh color is a very desirable trait 
in terms of higher nutritional quality. Some of these geno-
types also present desirable culinary qualities, OURO and 
576-70, the latter being the most commercialized variety 
in horticulture markets for its excellent agronomic and 
culinary features (Villela et al., 1985), and also uniform 
roots (576-70, SRT1333 and SRT1221).  

Varieties SRT1333 and SRT1221, which have a small 
genetic distance (0,354) between each other (Table 3), de-
rived from different locations [São Pedro do Turvo, SP 
(SRT1221) and Coxim, MS (SRT1331)]. These two va-
rieties, widely distributed in the States of Santa Catarina, 
São Paulo, Mato Grosso do Sul and Paraná, also show 
high morphological similarity, which added to the simi-
larity detected here, indicates that they probably have a 
common origin. 

Genetic divergence of genotypes two by two (Table 
3) is an important parameter to be considered when selec-
ting species for breeding purposes, once divergent geno-
types should be selected for a plant breeding program. For 
instance, CLONE 06-01 showed high genetic distances, 
above 0.80, when considering the varieties IAC12 (0.833), 
IAC15 (0.913) and ESP (0.850) (Table 3). CLONE 06-
01 is a variety of household consumption, whereas the 
three cultivars that could be chosen as possible parents are 
industrial varieties. The household consumption variety 
14-18 also showed higher genetic divergence with the in-
dustrial varieties IAC 13 (0.764) and TAQ (0.799). The 
industrial variety IAC90 also presented high genetic dis-
tances when compared to the industrial varieties IAC12 
(0.782) and CAAP (0.850). 

Crossings between the two groups (house consump-
tion and industrial use varieties) are not usually carried 
out because there is a risk of introducing undesirable ge-
nes from one to the other group, which justifies the ten-
dency for the separation of the two groups. This problem 
is worse when genes from varieties for industrial use are 
transferred to varieties for household consumption, once 
these genes are hardly eliminated, especially genes that 
affect the sensorial qualities. Interestingly, this concern is 
not reciprocal because the organoleptic properties are not 
considered for industrial use. Therefore, using varieties 
for household consumption as a parent in breeding pro-
grams to develop industrial varieties may be satisfactory. 
Consequently, it seems promising to the both varieties 
14-18 and 06-01 as parents in order to obtain varieties 
for industrial use, considering their high genetic dissimi-
larity with several varieties for this use, which is a premise 
for heterosis and for transferring some of their interesting 
traits, such as yellow (06-01) and white (14-18) roots, 
high dry matter content and favorable architecture for 
cultural practices (14-18), among others. Furthermore, 
the other divergent variety, IAC90, has a potential as pa-
rental variety, due to interesting agronomic traits, such as 
high DM content, adaptability to mechanized planting 
and to high fertile soils. 

4. CONClUsION

The cassava genotypes assessed in this study, represen-
ted in the living germplasm collection of the Agronomic 
Institute (IAC), present high levels of polymorphism. 
Varieties for household consumption attain higher ge-
netic variability, probably due to high priority placed on 

Table 3. Modified Rogers’ genetic distance among 20 cassava (Manihot esculenta) genotypes

IAC12 IAC13 IAC14  IAC15 CAAP IAC90 FEC
BR ESP OLHO TAQ BSC 576-

70 
SRT
1333

SRT
1221 OURO 601 1418 JAÇ TRÊS MANT 

IAC12 0.000

IAC13 0.577 0.000

IAC14  0.553 0.289 0.000

IAC15 0.500 0.667 0.645 0.000

CAAP 0.471 0.577 0.500 0.645 0.000

IAC90 0.782 0.687 0.745 0.667 0.850 0.000

FECBR 0.745 0.553 0.527 0.667 0.624 0.601 0.000

ESP 0.553 0.500 0.471 0.553 0.645 0.601 0.500 0.000

OLHO 0.687 0.471 0.500 0.624 0.645 0.687 0.527 0.577 0.000

TAQ 0.745 0.527 0.500 0.645 0.687 0.577 0.333 0.527 0.471 0.000

BSC 0.782 0.667 0.601 0.687 0.687 0.624 0.471 0.667 0.527 0.441 0.000

576-70 0.661 0.729 0.707 0.707 0.771 0.559 0.707 0.612 0.685 0.637 0.530 0.000

SRT1333 0.771 0.771 0.791 0.791 0.866 0.530 0.729 0.685 0.771 0.637 0.612 0.306 0.000

SRT1221 0.687 0.667 0.687 0.687 0.764 0.500 0.601 0.577 0.667 0.527 0.667 0.468 0.354 0.000

OURO 0.707 0.726 0.745 0.707 0.816 0.577 0.707 0.645 0.667 0.707 0.577 0.250 0.354 0.553 0.000

601 0.833 0.764 0.782 0.913 0.726 0.764 0.764 0.850 0.667 0.745 0.577 0.612 0.685 0.745 0.645 0.000

1418 0.667 0.764 0.745 0.687 0.726 0.707 0.745 0.667 0.707 0.799 0.624 0.500 0.612 0.687 0.441 0.577 0.000

JAÇ 0.667 0.577 0.553 0.687 0.553 0.726 0.500 0.577 0.500 0.553 0.577 0.661 0.791 0.667 0.667 0.667 0.687 0.000

TRÊS 0.441 0.624 0.553 0.601 0.527 0.764 0.726 0.553 0.667 0.745 0.745 0.637 0.771 0.667 0.645 0.799 0.601 0.527 0.000

MANT 0.441 0.577 0.601 0.553 0.553 0.707 0.667 0.527 0.645 0.726 0.745 0.637 0.707 0.601 0.601 0.816 0.553 0.577 0.333 0.000
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selection of different sensorial traits. The genetic variabi-
lity found in both groups of varieties, for industrial use 
and for household consumption, is enough to allow the 
choice for contrasting parental genotypes to be used in 
crossings to obtain new recombinant genotypes.
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