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ABSTRACT. Cassava is one of the main energy foods for millions
of people, and has a great diversity of ethno-varieties that have
specific characteristics often not found in commercial varieties.
These constitute a gene pool and therefore a genetic resource that
should be conserved and preserved. In this context, the objective of
our study was to evaluate the genetic diversity and population
structure of ethno-varieties of cassava grown in six municipalities of
the state of Mato Grosso, with the aim of characterization and
conservation of the varieties found in this area. The study was carried
out with 157 samples of cassava. For the molecular analyses, 15
fluorochrome-labeled SSR loci were used. Microsatellite markers
amplified a total of 158 alleles. The polymorphism information
content for each locus varied from 0.132 (SSRY126) to 0.838
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(SSRY47), with a mean of 0.680. The expected and observed
heterozygosity showed an average of between 0.717 and 0.688, for
SSRY126 and SSRY47, respectively. The heterozygosity values
observed were higher than those expected in five of the six
populations, generating negative values of the fixation index (-0.070).
Among the six populations, Alta Floresta and Cuiaba had the highest
percentage of polymorphic loci (100%). The groupings obtained by
UPGMA, Structure and PCoA among the six populations were
concordant in allocating the individuals into two genetic groups. We
found considerable genetic diversity among the samples, evidenced
by the high values in the diversity indices. These high values are
possibly related to the management of the fields and the exchange of
propagative material among the farmers. Therefore, it is proposed
that both populations be conserved since they have potential that
could be used for genetic improvement of this essential crop.

Key words: Genetic variability; Manihot esculenta; SSR markers

INTRODUCTION

South America is the main origin of cassava (Manihot esculenta), and Brazil, more
precisely the southern Amazon region, is the focal point of that origin. It is one of the most
important cultivated species in the world (Allem, 1994; Olsene Schaal, 2001; Pereira, 2015)
and is one of the main sources of energy foods for millions of people, with considerable
relevance, especially in the poorest countries (Fao, 2013; Ferreira, 2014).

It is used in human food, animal feed and processing by industry (starch, starch,
flour). Sweet varieties are intended for human consumption, called mandioca de mesa,
macaxeira, aipim or cassava mansa. Bitter varieties, called cassava brava due to the
abundance of cyanide in their roots, are destined for industrialization (Ponte, 2008).

In Brazil, cassava is cultivated from the north to the south of the country due to its
adaptability to climatic variations and can produce reasonable yields, even in areas with
poor soils and unpredictable rainfall, as well as its resistance to pests and diseases (Cardoso
and Souza, 2002; Oliveira, 2014).

Brazilian cassava production is mostly sustained by family-based agriculture and is
part of the local economy, with a predominance of subsistence or regional marketing (Valle
and Lorenzi, 2014). However, with the modernization of agriculture, the cultivation of
commercial varieties has expanded, which has tended to replace the local varieties. The
national participation of family farming in cassava production reached 87% (IBGE, 2006)
and, in the state of Mato Grosso family farming accounts for more than 90% of cassava
production, along with fruit and dairy farming (Embrapa, 2014).

Cassava presents a diversity of species and intraspecific diversity, due to the
number of varieties within each of these species (Martins, 2005), and presents specific
characteristics not found in improved materials (Cleveland et al., 1994). Therefore, the
construction of a gene reservoir, which should be preserved, is fundamental as it may be
used by breeders in breeding programs in the formation of new varieties or in the
transmission of desirable characters to existing varieties (Valle, 1991; Faraldo et al., 2000).
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Traditional farming has been reduced in recent years due to the migration from rural
areas to urban areas, as well as the expansion of agricultural frontiers by large farmers who
now dominate areas formerly occupied by smallholders, which has led to a drastic reduction
of genetic diversity (Cleveland et al., 1994). This scenario is currently observed in the state
of Mato Grosso; therefore knowledge about the genetic diversity among the species and
within species of the populations grown on farms is fundamental for the conservation of the
all cultivated species. If the greatest proportion of diversity resides among local populations,
then they must be preserved, since they contain most of the genetic diversity (Hamrick and
Godt, 1996).

Genetic variability of cassava is conserved in germplasm banks or in private study
registries. Despite the recognized importance of the information in these data banks, cassava
germplasm has still been little studied, and there is a shortage of information, such as that
related to documentation, characterization and genetic diversity (Oliveira, 2010). In this
context, DNA markers are important and efficient tools for determining genetic diversity in
ethno-varieties of cassava, and several studies have reported the use of molecular markers in
the study of genetic diversity among cassava varieties (Costa et al., 2013; Pereira, 2015;
Ortiz et al., 2016; Tiago et al., 2016; Gongalves et al., 2017; Pedri, et al., 2019). Among
these molecular markers microsatellites, SSR (simple sequence repeats) are especially
important, since they have many desirable attributes, such as multi-allelic nature,
codominant inheritance, high reproducibility, relative abundance and random distribution in
the genome, allowing genotyping of high yielding varieties (Varshney et al., 2005; Agarwal
et al., 2008; Kalia et al., 2011). This tool becomes attractive and applicable to breeding
programs (Turyagyenda et al., 2012), by assisting in the conservation of data, and the
establishment of priority areas for conservation.

In view of the above, this study aimed to evaluate the genetic diversity and
population structure of ethno-varieties of cassava grown on family farms in six
municipalities in the state of Mato Grosso.

MATERIAL AND METHODS
Collection area

The collection was carried out on the farms of family farmers in six municipalities
of the state of Mato Grosso, Brazil, and each municipality was considered a study
population: Alta Floresta, Apiacas, Poconé, Céceres, Cuiaba and Jangada (Figure 1).

Alta Floresta (9°57°00.8°" S, 56°05’44.4”” W) e Apiacas (9°33'52.1" S 57°23'38.9"
W) are located in the Meso-region of Northern Mato Grosso and in the micro-region of Alta
Floresta, MT. The system of the productive centers in the region is very similar, with dairy
farming and milk being the main activity (Imea, 2017), together with family farming and
the extraction of wood. Recently, several areas where livestock farming was being carried
out are now replaced by agricultural areas, which now form the basis of the local economy
(Bonini et al., 2013). The municipalities of Poconé, Jangada and Cuiaba are located in the
territory called Baixada Cuiabana, in the Central-South Meso-region of Mato Grosso (Mda
and Sdt, 2015). This region presents traditional characteristics in agriculture, as well as in
cooking and vocabulary. Some communities have strong characteristics of peasantry, where
agriculture is practiced in the traditional molds, mainly for subsistence, maintaining
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significant agricultural diversity, with emphasis on the local varieties of cassava (Amorozo,
2010). The municipality of Caceres is located in the Meso-region of Central South Mato
Grosso (15°27” and 17°37” S and 57°00” and 58°48” W), and is part of the Upper Pantanal
micro-region. The municipality's production system is based on agriculture, mining, fishing,
plant extractivism, hunting and livestock farming (Pmsb, 2014).
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Figure 1. Location map of the municipalities of the state of Mato Grosso, Brazil, where the cassava collections
were carried out.

During the expeditions, only cassava samples with different names were collected
in each locality. The identification of ethno-variety was based on the knowledge of the
farmers, that is, the name by which they knew the variety. In this context the term ethno-
variety includes plants cultivated by farmers (local populations) in historically managed
environments where biological diversity interacts with cultural diversity (Silva et al., 2001).

In order to provide accurate information on the collection points of each ethno-
variety, we used GPS equipment (Global Positioning System), Garmin Etrex®.

Molecular characterization
Sampling and collection of plant material

Leaf tissue was collected from 157 cassava ethno-varieties, as follows: 29 samples
from Alta Floresta; 17 from Apiacas; 26 from Céaceres; 45 from Jangada; 11 from Poconé
and 29 from Cuiaba. The samples were inserted into 2.0 mL polypropylene tubes with
loading buffer (containing 1 mL of saturated solution of NaCL-CTAB, 70g of NaCL, 3g of
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CTAB dissolved in 200 mL of distilled water). The material was identified and taken to the
Laboratory of Plant Genetics and Molecular Biology of the Southern Amazonian
Technology Center (CEPTAM), Mato Grosso State University (UNEMAT), Alta Floresta
campus, MT and to the Laboratory of Microbiology, Molecular Biology and
Phytochemistry of Embrapa Agrossilvipastoril, Sinop-MT and stored in a freezer at -4°C,
until DNA extraction.

DNA extraction and SSR amplification

The DNA extraction of the samples was carried out at the Laboratory of Plant
Genetics and Molecular Biology - UNEMAT, Alta Floresta, MT and at the Embrapa
Agrossilvipastoril unit, Sinop, MT. The DNA was extracted from approximately 100 mg of
leaf tissue based on the CTAB (CetylTrimethyl Ammonium Bromide) method described by
Doyle and Doyle (1990), with the following modifications: STE buffer to macerate the
leaves instead of liquid nitrogen, an increase in the concentration of polyvinylpyrrolidone
(PVP) from 1% to 2% and from B-mercaptoethanol from 0.2% to 2% in the extraction
buffer, in addition to a reduction in the incubation time at 65°C from 60 min to 30 min. The
DNA concentration was estimated by spectrophotometry (NanoDrop 2000 -
ThermoScientific) and its integrity verified in 1% agarose gel electrophoresis stained with
GelRed (Biotium, Hayward, USA).

The amplification reactions were performed with microsatellite markers described
by Chavarriaga-Aguirre et al. (1998) e Mba et al. (2001), the 15 (fifteen) primers used were
labeled with fluorochrome 6-FAM (blue) and HEX (green) (Table 1). Polymerase chain
reactions (PCR) were performed with a total reaction volume of 10ul, containing 1 pL of
buffer [0.05% (w/v) bromphenol blue, 40% (w/v) sucrose, 0.1 M EDTA pH 8.0, 0.5% (w/v)
sodium lauryl sulfate (SDS)]; 0.8 pL de dNTPs (2.5mM); 0.13 pL e 0.25 pL for each
primer [forward and reverse (20 uM), respectively]; 0.2 uL of Tag DNA Polimerase (5 U);
0.25 pL of the HEX and FAM tagging (2 uM); 2 ul DNA, and ultra-pure Milli-Q® water to
make up the total volume.

The amplifications were performed in thermocycler model T100 “Thermal Cycler”
Bio-RAD, under the following conditions: denaturation at 94°C for 5 min; 30 cycles
followed by denaturation at 94°C for 30 s; annealing temperature of 45°C for 45 s and 72°C
for 45 s and eight cycles at 94°C for 30 s, 53°C for 45 s, 72°C for 45 s, and a final extension
of 72°C for 10 min.

Amplification products were subjected to 1.5% agarose gel electrophoresis with
0.5X TAE buffer, constant voltage of 80 V for 40 min and visualized on an ultraviolet light
transilluminator L-PIX Image (Loccus Biotecnologia). Then the samples, which presented
bands on the agarose gel were sent to the Center for the Study of the Human Genome and
Stem Cells, University of S&o Paulo (USP), for capillary electrophoresis genotyping in the
Automatic analyzer DNA ABI 3130XL Genetic Analyzer (Applied Biosystems, Foster City,
California, USA). The size of the amplified fragments was determined by comparison with
a DNA of known size Rox 500 (APPLIED BIOSYSTEMS) by using the program Gene
Marker® v. 2. 6. 3 (Softgenetics).
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Table 1. Locus microsatellites used in the genotyping of 157 ethno-varieties of cassava cultivated in the
state of Mato Grosso.

] I Amplification
Locus Fluorochrome  Motif Classification Range (pb)
SSRY-21** FAM (GA)% Simple perfect 172-212
SSRY-28** HEX (CT)26(AT)3AC(AT), Imperfect composite 160-214
SSRY-27** FAM (CA)14 Simple perfect 245-297
SSRY-35** HEX (GT)sGC(GT)11(GA)19 Imperfect composite 174-310
SSRY-8** FAM (CA)1CT(CA), Simple imperfect 268-320
GAGG-5* HEX N e 108-150
GA-12* FAM N e 119-180
GA-21* HEX NP e 104-146
GA-131* FAM NP e 75-141
SSRY-43** HEX (CT)as Simple perfect 229-275
SSRY-47* FAM (CA)17 Simple perfect 216-280
SSRY-126* HEX (GT),T(GT)s(GC)4 Imperfect composite 225-297
GA-136* FAM NP 145-185
GA-140* HEX NP 154-192
SSRY-40* HEX (GA)16 Simple perfect 211-269

*Chavarriaga-Aguirre et al. (1998); **Mba et al. (2001); NP — Unpublished Motif; pb — pairs of bases.
Data analysis
Genetic diversity

The analysis of genetic diversity among ethno-variety was performed in two stages:
considering the 157 individuals as belonging to a single population and later at the
population level, considering the six regions sampled.

The estimation of genetic diversity, using the GDA program — Genetic Data
Analysis (Lewis and Zaykin, 2001), was estimated by allele frequencies, number of alleles
per locus (A), expected heterozygosity (He) and observed (H,), on the Hardy-Weinberg
equilibrium, assuming that the crosses occur randomly, therefore there is no endogamy,
selection, migration, genetic drift or mutation (Kageyama et al. 2003), besides the index of
fixation (f) and percentage of polymorphic loci (%P). The polymorphic information content
(PIC) was determined with the aid of the program PowerMarker v.3.25 (Liu and Muse,
2005).

To determine the presence of rare alleles (RA) and exclusive alleles (EA), the
criterion proposed by Cruz et al. (2011), where rare alleles were determined by expressing
less than 0.05 in each sampled population and the number of exclusive alleles by counting
the alleles present in only one of the populations. All these analyses were performed using
the software GenAlEx 6.5 (Peakall and Smouse, 2012).

Population structure

The program GDA (Lewis and Zaykin, 2001) was used to estimate the genetic
identity of Nei 1972, among the populations studied. With the PowerMarker program the
genetic distance matrix of Nei (1972) was determined among the six populations sampled,
and later imported into the program MEGA 6.5 (Kumar et al. 2004) for the construction of
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the dendrogram via the UPGMA method (unweighted pair group method with arithmetic
mean).

The program “Structure” 2.3.4 (Pritchard et al., 2000), based on Bayesian statistics,
was used to infer the number of groups (K). The analyses were performed with 20 runs for
each value of K, 200.000 “burn-ins” and 500.000 Markov chain Monte Carlo (MCMC)
simulations. The K value ranged from 1 to 9. The variable K equals the number of
genetically distinct populations. To define the most probable K, in relation to the proposed
ones, the criteria described by Pritchard et al. (2010) and Evanno et al. (2005) were used,
using the output files of Structure based on STRUCTURE HARVEST (Earl and Vonholdt,
2012) determined by the AK.

The organization of the genetic diversity was analyzed through the analysis of
Principal Coordinates (PCoA) (Gower, 1966), which demonstrates the genetic distance
between the individuals of a given population by the graphic representation and allows the
identification of groups of individuals in two-dimensional or three-dimensional graphs,
facilitating the visualization of the genetic structuring between the individuals and
populations sampled. These results were obtained via the program GenAlEx 6.5 (Peakall
and Smouse, 2012).

RESULTS AND DISCUSSION
Genetic diversity among cassava ethno-varieties
The 15 microsatellite markers amplified a total of 158 alleles in 157 cassava

individuals, ranging from two (SSRY126) to 15 alleles (SSRY28 and SSRY47), with a
mean of 10.5 alleles per locus (Table 2).

Table 2. Descriptive statistics of genetic diversity based on 15 microsatellite loci of 157 cassava ethno-
varieties. (A = number of alleles per locus; He = expected heterozygosity; H, = observed heterozygosity;
f = allele fixation index; PIC= polymorphic information content).

Loci A He Ho f PIC

SSRY21 12 0.820 0.845 -0.030 0.792
SSRY28 15 0.807 0.879 -0.090 0.787
SSRY27 12 0.800 0.664 0.171 0.768
SSRY35 12 0.662 0.547 0.173 0.620
SSRY8 10 0.710 0.826 -0.163 0.663
GAGG5 3 0.496 0.642 -0.295 0.400
GA12 11 0.812 0.822 -0.012 0.783
GA21 9 0.694 0.633 0.089 0.637
GA131 12 0.808 0.688 0.149 0.780
SSRY43 12 0.856 0.700 0.182 0.836
SSRY47 15 0.858 0.700 0.186 0.838
SSRY126 2 0.143 0.000 1.000 0.132
GA136 9 0.701 0.872 -0.244 0.642
GA140 12 0.757 0.729 -0.037 0.715
SSRY40 12 0.830 0.770 0.073 0.805
Mean 10.533 0.717 0.688 0.041 0.680
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The expected heterozygosity (He) and observed (H,) presented high values for
most loci, with a mean between 0.717 and 0.688, respectively; the observed
heterozygosity was higher than the expected heterozygosity in six loci of the 15
analyzed (Table 2). The obtained values indicate that the studied populations present
genetic diversity, with the frequency of observed heterozygotes close to the expected
heterozygotes. Carrasco (2012), working with 211 samples of cassava in three
municipalities in the state of Mato Grosso, with 14 SSR loci, using the polyacrylamide
technique, obtained a total of 49 alleles, with a mean of 3.79 alleles per loco, with
observed and expected heterozygosity values of 0.60 and 0.59, respectively. Silva et al.
(2016), analyzing 11 SSR loci, also based on the polyacrylamide technique, amplified
67 alleles in 22 cassava registers, with a mean of 6.09 alleles per loci, the expected and
observed mean for heterozygosis being 0.65 and 0.61. Moura et al. (2013), working
with 15 SSR loci and also using the polyacrylamide, technique found 75 alleles, with an
average of five alleles per locus. The expected average heterozygosity was 0.66 and
observed heterozygosity 0.61.

The results of the genetic diversity obtained in our study were higher than those
found by Carrasco, Silva and Moura, but it can be observed that the values of
heterozygosity were similar in the two studies, allowing for the detection of high levels
of genetic diversity among the evaluated cassava ethno-varieties.

The estimate of the coefficient of fixation presented a mean value f = 0.041,
indicating that the alleles of the study populations are not being fixed, either by the
process of inbreeding or by any other event that distances the population from Hardy-
Weinberg equilibrium.

The inbreeding of a given locus or population is null when the value of f is low
or negative. When the value of f is very high, there is presence of inbreeding, and
therefore the frequency of homozygotes is higher than expected (Templeton, 2006;
Cruz et al., 2011; Maciel, 2014). Therefore, the value obtained for the heterozygosities,
together with the value of f, with the exception of the locus SSRY126, indicate that
among the cassava individuals analyzed, the process of inbreeding does not occur.

The polymorphic information content (PIC) for each loci presented a variation
from 0.132 (SSRY126) to 0.838 (SSRY47), with a mean of 0.680 (Table 2). For
Botstein et al. (1980), the molecular markers that present PIC values lower than 0.25
are considered to be less informative, those with values between 0.25 and 0.50 are
classified as moderately informative and above 0.50 very informative.

In this study, 86.7% of the loci were obtained with values greater than 0.50,
being therefore very informative, and indicated for a study of cassava genetic diversity.

The values for the allele frequencies are distributed in Figure 2. The frequency
data ranged from 0.923 (SSRY126) to 0,003 (GA12; GA13l; SSRY43; GAL136;
GA140). Among the 158 alleles found, 94 were considered rare, with frequency less
than 5%, alleles with frequency greater than 5% were considered common, as
recommended by Cruz et al. 2011. The frequencies of the rare alleles vary from 0.003
to 0.050, with a higher number of rare alleles for loci SSRY28 and SSRY47 (10) and
lower for the locus GAGGS5 (1). Locus SSRY126 did not present any rare alleles.
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Figure 2. Distribution of allele frequencies of 15 microsatellite loci for 157 individuals of cassava.
Genetic diversity among populations of cassava ethno-varieties

Table 3 shows the number of rare and exclusive alleles distributed among the six
populations. A total of 145 rare and exclusive alleles were found among these populations.
The population of Jangada had the highest number of rare and exclusive alleles (37) and
Poconé had the lowest number of alleles (8). In Jangada we observed 17 rare alleles, seven
exclusive alleles and 13 rare-exclusive alleles.

The Jangada communities visited in this study depend basically on small-scale
agriculture for subsistence, with the commercialization of only a small part of its
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production. Cassava is the main item of cultivation of these communities, being mainly
marketed in the form of flour (Oler, 2017). The history of the communities point to the
emergence of sesmaria land, which is characterized by the production of food for family
subsistence, not following the requirements of the market (Amaral, 2014). This may explain
the high diversity of alleles found in the municipality of Jangada; that is, in these
communities there is a greater number of varieties cultivated and conserved by farmers,
making this population ideal as a priority area for the conservation of these ethno-varieties.

The population of Apiacas was the second population with the highest number of
exclusive alleles, and rare-exclusive combined (13). This result is similar to what was found
by Pedri et al. (2019), who evaluated the diversity of cassava ethno-varieties of three
municipalities of Mato Grosso, including Apiacas. In their study, the authors observed that
the population of Apiacés presented the highest number of rare-exclusive alleles in relation
to the other municipalities, confirming, as in this study, that the Apiacds should be
considered when dealing with conservation actions.

Table 3. Presence of rare and exclusive alleles in cassava based on 15 loci microsatellites in six
municipalities in the state of Mato Grosso.

Population No. of individuals Total Alleles RA EA RE Total
Jangada 45 83 17 7 13 37
Alta Floresta 29 75 23 - 3 26
Cuiaba 29 84 16 4 3 23
Céceres 26 7 14 1 4 19
Apiacés 17 83 19 10 3 32
Poconé 11 65 5 2 1 8
Total 157 467 94 24 27 145

Number of individuals in the population; Total alleles found in the population; RA: Rare allele; EA: exclusive allele; RE:
Rare and exclusive allele; Total alleles: considering the rare, exclusive and rare and exclusive.

The number of individuals per population ranged from 45 (Jangada) to 11 (Poconé),
with the number of alleles per locus between 5.6 (Cuiabad) and 4.6 (Poconé). The
heterozygosity values observed were higher for five of the six populations compared to the
expected ones, generating negative values for the fixation index (-0.070), however with a
predominance of heterozygotes. The mean for expected and observed heterozygosity was
0.656 and 0.701, respectively (Table 4).

Table 4. Estimation of genetic diversity parameters by population. (N = number of individuals,
A = average of alleles per locus, H. = expected heterozygosity; H,= observed heterozygosity;
f = intrapopulation fixation index; %P = percentage of polymorphism).

Population N A He Ho f %P
Alta Floresta 29 5.000 0.610 0.654 -0.074 100
Apiacas 17 5.533 0.679 0.732 -0.081 93.3
Céceres 26 5.200 0.653 0.720 -0.104 93.3
Jangada 45 5.533 0.647 0.629 -0.028 93.3
Poconé 11 4.649 0.665 0.752 -0.139 92.9
Cuiaba 29 5.600 0.680 0.716 -0.054 100
Mean 157 5.251 0.656 0.701 -0.070 95.5
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Moura et al. (2016), who characterized rare cassava germplasm with 11 SSR loci,
found similar results, with Ho values higher than He at all sites, and negative values for the
fixation index.

The frequency of heterozygotes represents the existence of genetic variation, since
individuals carry different alleles (Weir, 1996). The observed heterozygosity is an index of
genetic diversity greatly influenced by the breeding system of the species. Thus, the high
value of heterozygotes among ethno-varieties in all localities may be due to the process of
sexual reproduction and subsequent incorporation of these materials in the plantations or by
the drift effect, that is, the plantations would have been implanted from material with high
heterozygosity and maintained via vegetative propagation over time (Faraldo et al., 2000).

Among the six populations analyzed, Alta Floresta and Cuiaba had the highest
percentage of polymorphic loci (100%), and Poconé had a lower percentage of
polymorphism (92.86%), but this was the population with the highest value for observed
heterozygosity (H, = 0.752). The average polymorphism among the populations was
95.48%, proving that the loci used had high informative power to detect genetic variability
in cassava populations. Similarly, Carrasco (2012), obtained 95.00% polymorphism, and
Mdahlen et al. (2000) found 97.96% of polymorphic loci, both evaluating the genetic
diversity of cassava registers based on microsatellite markers.

Population Structure

Table 5 presents an estimate of genetic identity Nei (1972) among pairs of
populations. The most genetically identical populations are Poconé and Céceres (0.865) and
the less identical populations are Jangada and Apiacas (0.496), that is, these being the most
dissimilar.

Table 5. Genetic identity of Nei (1972) based on 15 microsatellite loci among six populations of cassava:
Alta Floresta (AF); Apiacas (AP); Caceres (CA); Jangada (JA); Poconé (PC) and Cuiaba (CB).

Populations AF AP CA JA PC CB
AF - 0.829 0.724 0.535 0.702 0.760
AP - 0.827 0.496 0.780 0.750
CA - 0.522 0.865 0.796
JA 0.530 0.583
PC 0.818
CB -

The dendrogram generated on the basis of the UPGMA cluster among the six
analyzed populations formed two groups (Figure 3), agreeing with the Bayesian grouping of
the Structure (Figure 4). Group | (GI) of the dendogram consisted only of the population of
Jangada, a municipality in the southern region, and was the most dissimilar group. Group Il
(GII) contained the other populations and revealed similarity between cassava ethno-
varieties cultivated in the municipalities of the northern and southern regions of Mato
Grosso state, which indicates that the exchange of genetic material made the populations
more similar. In this grouping it is also possible to observe the formation of two subgroups
by region. The first subgroup consists of populations from the northern region (Alta Floresta
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and Apiacas) and the second subgroup of populations from the southern region (Cuiaba,
Céceres and Poconé).

The geographical position of the populations may be favoring the flow of exchange
of manioc stalks, since a subgroup is found between the populations of Alta Floresta and
Apiacas and another between Poconé, Caceres and Cuiaba. The greater number of
individuals sampled in the population of Jangada may have contributed to the distancing of
this population in relation to the others. In addition, we can also cite the number of rare and
exclusive alleles (37) (Table 3) found in the population, which indicates an isolation of the
registers between the regions, that is, absence of gene flow between populations, which in
the case of cassava, is summarized in the frequent exchange of stocks among farmers,
whether from the same community, between municipalities or even between different states,
in order to diversify the collection or to maintain it for future needs (Tiago, 2016; Oler,
2017).

Gl Jangada
# Alta Floresta
W Apiacas
Gll
* o Ean,  ———— L T

‘ e > A Céceres

#® Poconé

Figure 3. Dend-fbgram obtained -by the UPGMA method from the genetic distance of Nei (1972), in six
populations of cassava cultivated in the state of Mato Grosso.

The Bayesian grouping with the Structure Software did not separate the six
analyzed localities, but it does show the formation of two genetic groups (K = 2) (Figure 4).
It can be observed that even despite the formation of two groups, there is a mixture of
alleles between the groups, demonstrated by the sharing of green colors between the red
group and the red group among the green populations.
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Deltak = mean(|L"(K)]} / sd(L(K))

1.00
0.80
0.60
0.40

0.20

0.00

Alta Floresta  Apiacas Caceres Jangada Poconé Cuiaba

Figure 4. Analysis of the genetic structure of 157 individuals distributed in six cassava populations in different
municipalities of the state of Mato Grosso from 15 microsatellite loci, assuming K = 2 (groups) according to the
Structure Program. The same color for a different population indicates that they belong to the same group.
Different colors in the same population indicate the percentage of alleles shared with each group.

Gongalves et al. (2017) studying 51 cassava registers in the state of Minas Gerais, in
four locations, obtained the formation of four groups according to AK, but also a mixture
was observed among the four subpopulations, that is, registers from the same locality were
allocated in different groups. Costa et al. (2013) working with 66 manioc accessions from
the germplasm bank of Maringd, PR, observed the formation of two groups, which also had
a mixture of genetic material between the groups formed. Ortiz et al. (2016), researching the
genetic diversity and population structure of 121 registers distributed in three localities,
found the formation of four groups (k = 4), that is, the traditional cultivars analyzed were
divided into a larger number of groups than the number of groups collection sites.
Therefore, the existence of a high number of alleles shared among samples from different
localities, such as the one observed in this study, indicates a high degree of similarity
between populations, allocating them in the same group, due to the selection and exchange
of registers of cassava, which is a common practice among farmers (Emperaire and Peroni,
2007; Siqueira et al., 2009; Rimoldi et al., 2010).

The Principal Coordinates analysis (PCoA) contributed by giving the results found
for analysis of genetic diversity and population structure. The first coordinate (PCoAl)
explained 13.45% of the variation among individuals. The second coordinate (PCoA2)
collaborated with 6.08% of the total variation. Together, they were able to explain 19.53%
of the genetic variation (Figure 5). According to the analysis of UPGMA grouping and
Structure program, PCoA also allocated the individuals into two groups, with the population
of Jangada becoming more isolated.
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Figure 5. Analysis of Principal Coordinates of 15 SSR loci, indicating 19.5% genetic diversity among 157
cassava samples collected from six locations in the state of Mato Grosso.

The diversity of local cassava varieties, management and traditional knowledge
make it possible to identify farmers as important maintainers of a significant part of the
regional diversity of manioc (Marchetti, 2012). The materials studied here have the
potential to be used in genetic improvement studies. In this case, the collection,
preservation, maintenance and characterization of the ethno-varieties prevent genetic
erosion of the crops, help to estimate the degree of kinship between accesses and ensure
genetic variability for breeding programs (Cabral et al., 2001; Ribeiro et al., 2011).
However, due to the recent socioeconomic transformations in the regions, the traditional
agricultural activities have been negatively impacted, creating the need for studies and
public policies aimed at the valorization of the management of the culture as important
measures for the continuation of local agricultural practices and consequent maintenance of
the local diversity of cultivated plants (Marchetti, 2012).

CONCLUSIONS

We found high genetic diversity among the cassava samples, evidenced by high
values observed in the diversity indexes, with no inbreeding among the ethno-varieties. The
populations are structured into two large genetic groups, caused by the isolation of the
population of Jangada, due to the high values obtained in rare and exclusive alleles. The
greatest diversity is distributed within each geographical region, proving the importance of
the role of farmers in the flow of genetic material, since they promote both the introduction
of cassava varieties and the diffusion of local varieties outside the communities. In order to
preserve the high intra-population genetic diversity and the number of rare and exclusive
alleles, it is proposed that all populations should be conserved, since they have the potential
to be used for genetic improvement of this crop.
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