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ABSTRACT - The aim of this study was to characterize and estimate the genetic similarity among 93 cassava accessions. The DNA
amplification was performed with 14 microsatellite primers. The amplification products were separated by a polyacrylamide gel
electrophoresis, showing a polymorphism formation, through which the accessions were discriminated against. The genetic similarity
among accessions of cassava was estimated by the Dice coefficient. Cluster analysis was carried out using the UPGMA method. The
polymorphic primers amplified a total of 26 alleles with 2-4 alleles per loci. The genetic similarity ranged from 0.16 to 0.96. The
average values for obsexd and expected hetaygosity wex 0.18 and 0.46 gispectivelyTwenty genetic similarity clusters veer
determined, demonstrating diversity among accessions, suggesting the possibility of heterotic hybrid generation.
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INTRODUCTION The conservation of cassava germplasm is essential
in reducing the genetic erosion of species and genetic
CassavaNlanihot esculentaCrantz) is the staple diversity available to help improve the culture. In cassava
food of nearly 700 million people worldwide. Itis the onlythis erosion is mainly due to the expansion of agricultural
species of the gentdanihotgrown commercially for the frontiers, the advancement of urbanization, and the biotic
production of edible roots. It adapts to different climatand abiotic stresses and to a lesser extent, by the replacement
and soil conditions and can be found from the Southeaf traditional varieties by improved varieties (Fukuda et
U.S. to northerrArgentina. Generallyit is planted in al. 1996). The characterization of the species diversity is
marginal areas with low productivity (Fukuda and Iglesiagnportant for germplasm conservation. Estimating the
2006). The species has a large genetic diversity due to thegree of relatedness between accessions makes it
ease of pollination, high heterozygosity and suddepossible to eliminate possible duplicates and more efficient
dehiscence of the fruit, leading to a continuously infiniteise of them in breeding programs.
number of new genotypes. In Brazil, the wide genetic  The DNA markers are useful in studies of evolution,
variability of cassava is kept in on-site collections andomestication, ecology and phylogeny of plants and also
germplasm banks distributed throughout the coumhig ~ for genetic mapping and cloning of genes. Therefore,
variability is represented mostly by native varieties oallowing a short term evaluation of a large number of
those naturally selected by farmers. genotypes without environmental influence (Costa et al.
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2003). The use of molecular markers in assessing the genetic After amplification, the reaction products were
diversity of cassava germplasm has been increasingseparated by electrophoresis in polyacrylamide gel (19:1 -
recent years, mainly due to the large amount of informatigkcrylamide: Bis) 6 %, non denaturant, in TBE buffer at
concerning the genome of this species available (Colomt80 V for two hours. For revelation of the gels a staining
et al. 2000, Mihlen et al. 2000, Carvalho and Schaal 200tiethod was used with silver nitrafdter electrophoresis,
Elias et al. 2001, Mba et al. 2001, Elias et al. 2004, Zaccaria® plates were separated and the gel was immersed in 1
et al. 2004)As cited by Faraldo et al. (2002), the moleculaliter of a fixative solution (10 % ethanol, 0.5 % acetic acid)
markers are very important techniques for the identificaticend kept under slow agitation for 15 minutes. Then, the
of accessions held by germplasm banks, whose purpagd was submerged in 1 liter of a silver nitrate solution
is to maintain genetic variability for subsequent use of tHd\gNO3) (0.2 %) under slow agitation for 10 minutes. The
accessions. One type of molecular marker that is mogel was then washed with water and slowly stirred in a
informative in evaluating cassava germplasm is a microsateli#elution of revelation (3 % NaOH, 0.5 % formaldehyde)
(Chavarriaga-Aguirre et al. 1998). until complete visualization. The bands were then

The aim of this study was to estimate the genetjghotographed using a Sony Cyber-shot DSC-W30 for later
variability among 93 accessions of cassava from thanalysis.
germplasm bank at the Federal University of Lavras for 14  The identification of DNA fragments amplified by
microsatellite primers, enabling the identification ofmicrosatellite markers was done by performing a visual
genetically divergent clones for polycrossing, aiming analysis. Each microsatellite band was evaluated for the
the development of new clones. 93 accesses, identifying the presence of a band by 1 and
for an absence by 0. From the matrix 0 and 1 genetic
similarity (sg;) was estimated between all pairs of

Part of the accessions held in the germplasm bankggnotypes using the Dice coefficient (Dice 1945):
UFLA was provided by Embrapa Cassava and Fruit Cropsg;=2a/(2a+b+c), whicl corresponds to the presence of
Cruz dasAlmas, BA. These clones were used in fielda band on the individuabndj; b represents the presence
polycrossing, from where the new clones were obtainedf the band in and absence ijj andc represents the
which together with some commercial cultivars wer@bsence of the band irend presence ip Analyses of
evaluated in this study éble 1). similarity were performed using the program NTSYS

Molecular analyses were performed at the Moleculatersion 2.1 (Rohlf 2000). Based on the Gokeit similarity,
Genetics Laboratorypepartment of Biology (DBI) Federal the genotypes were clustered by UPGMA and represented
University of Lavras. DNA samples of each accession weiie a dendrogram. The genetic difference among accessions
extracted according to the procedure used by Pereira etveds identified in the dendrogram given the estimate of the
(2007). Subsequently the DNA was used for PCRiaximum significant similarity (sgm). The sgm was
amplification using 14 microsatellite primers (GA-5, GA-estimated by the t-test obtained by the expression:
12, GA-13, GA-16, GA-21, GA-57, GA-123, GA-126, GA-sgm=1- (§Sg), where tis the tabulated value of t with n-2
127, GA-131, GA-134, GA-136, GA-140 and GA-161) predegrees of freedom andSg, the average error pf sg
established by Chavarriaga-Aguirre et al. (1998). (Hagiwara et al. 2001).

Each amplification used 20 ng DNA, 100 mM of each The genetic diversity parameter: number of alleles
dNTPs, 1U of taqg DNA polymerase, buffer consisting oper locus and heterozygosity (observed and expected)
50 mM TRIS pH 8.3, 20 mM KCI, 2 mM MgCI2, 10 mg BSA, were estimated using the software Popgene version 1.31
0. 25 % Ficoll 400, 10 mM of tartrazine and pure watee  (Yeh etal. 1999).
final volume for each reaction was 12 iL. The amplification
was performed in Eppendorf Mastercy@eThermal resyLTSAND DISCUSSION
Cyclers which was used in the following program: one
step at 95°C for two minutes for initial denaturation, A total of 26 alleles were amplified with 14 SSR loci
followed by 32 cycles at 924C for 20 seconds each for analyzed in 93 accessions. Of theptifhers 12 generated
DNA denaturation, 40 seconds for annealing primer at 40lymorphic (GA-5, GA-12, GA-16, GA-21, GA-57, GA-
°C, 40 seconds for extension at 72 °C, followed by a findR3, GA-127, GA-131, GA-134, GA-136, GA-140 and GA-
extension at 72C for four minutes. 161). The number of alleles observed per locus ranged

MATERIAL AND METHODS
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Table 1 Accessions of cassavMénihot esculenteCrantz) used in this study and their origins

Code Origin Accession Code Origin Accession Code Origin Accession

1 Lavras/MG BAIANA 32 Lavras/MG UFLAS 63 Lavras/MG UFLA 31

2 Lavras/MG UFLA7 33 Campinas/SP TAC 13 64 Carrancas/MG AMARELINHA
3 Lavras’MG CASCA ROXA 34 Lavras/MG SEIS MESES 65 Lavras/MG UFLA 49

4 Lavras/MG UFLAH 35 Lavras/MG UFLA 76 66 Lavras/MG UFLA 12

5 Lavras/MG UFLA 30 36 Lavras/MG LT2 67 Lavras/MG UFLA 58

6 Lavras/MG UFLA 4 37 Campinas/SP MOCOTO 68 Lavras/MG UFLA 71

7 Lavras’MG UFLA 48 38 Lavras/MG UFLA 57 69 Lavras/MG UFLA 36

8 Lavras/MG UFLA 42 39 Lavras/MG UFLA 11 70 Lavras/MG UFLA 53

9 Lavras/MG UFLA 90 40 Lavras/MG UFLA 65 71 Patos de Minas/MG MANABOW
10 Lavras/MG UFLA?2 41 Lavras/MG UFLA 18 72 Lavras/MG UFLA 28
11 Campinas/SP TAC 576 60 42 Lavras/MG UFLA 61 73 Lavras/MG UFLA 77
12 Lavras/MG UFLA 63 43 Campinas/SP IAC 12 74 Lavras/MG UFLA 73
13 Lavras/MG UFLA 33 44 Lavras/MG UFLA 23 75 Lavras/MG UFLA 10
14 Lavras/MG UFLA 59 45 Lavras/MG UFLA 8 76 Lavras/MG UFLA 46
15 Lavras/MG UFLA G 46 Lavras/MG JB 77 Lavras/MG UFLA 60
16 Lavras/MG UFLA 25 47 Lavras/MG UFLA 64 78 Lavras/MG UFLA 26
17 Lavras/MG LT4 48 Lavras/MG UFLA 13 79 Lavras/MG UFLA 32
18 Lavras/MG UFLA9 49 Lavras/MG UFLA 51 80 Lavras’MG UFLA 20
19 Lavras/MG UFLA 19 50 Lavras/MG UFLA 60 81 Lavras/MG UFLA 72
20 Lavras/MG UFLA 41 51 Campinas/SP IAC 14 82 Lavras/MG UFLA 29
21 Lavras/MG DESCONHECIDO 3 52 Lavras/MG UFLA 66 83 Campinas/SP OURO DO VALE
22 Campinas/SP FIBRA 53 Lavras/MG UFLA 21 84 Lavras/MG UFLA 62
23 Lavras/MG UFLAE 54 Carrancas/MG PINHEIRA 85 Lavras/MG UFLA 67
24 Lavras/MG UFLA 47 55 Lavras/MG UFLA 75 86 Lavras/MG UFLA 22
25 Lavras/MG LT1 56 Lavras/MG UFLA 17 87 Lavras/MG UFLA 38
26 Lavras/MG LT3 57 Lavras/MG UFLA 27 88 Lavras/MG BAIANAII
27 Lavras/MG UFLA 16 58 Lavras/MG UFLA 24 89 IAPAR/PR PIONEIRA
28 Lavras/MG UFLA 39 59 Lavras/MG BAIANINHA 90 Campinas/SP TIAC 576 70
29 Lavras/MG UFLA 52 60 Lavras/MG UFLA 15 91 Campinas/SP MOCOTO
30 Lavras/MG UFLA 40 61 Lavras/MG UFLAJ 92 Lavras/MG PAO DA CHINA
31 Campinas/SP IAC 15 62 Lavras/MG UFLA 45 93 Confresa/MT NI

from 2-4 with an average of 2.2 alleles per locus and tf@ble 2 Number of alleles per locus (A), observed heterozygosity
most informative primer GA-131 was amplified by havingHs 2nd expected heterozygositit J
a lager number of alleles @ble 2). Primer A H, H,

In this studythe findings resemble those of Roa et Ga-5 2 0.52 0.49
al. (2000). These authors, working with the amplificationGa-12 2 0.00 0.45
of DNA from cassava by means of microsatellite markersGA-16 2 0.20 0.34
found a higher polymorphism with the sapréner GA- GA-21 2 0.00 0.49
131. Muhlen et al. (2000) studied the genetic variability ofGA-57 2 0.00 0.42
cassava landraces assessed by microsatellite markefsA-123 2 0.00 0.48
obtained 97.96 % of polymorphic primers, with the total GA-127 2 0.00 0.49
number 2-8 alleles per locus and an average of 4.5 allelg€sA-131 4 0.56 0.69
per IOCi. GA-134 2 0.00 0.49

Assessment of diversity using molecular markersGA-136 2 0.00 0.42
has confirmed the wide genetic variability of cassava, bufiA-140 2 031 045
some comparisons with wild species indicate that thP\fA'161 222 3?2 g':z

may contain as much or more variability than those cultivatedY¢rage
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Wanyera et al. (1992) using polymorphism of 13 isozymand it was observed that the amplitude in the similarity
loci, analyzed the genetic variability of 20 plantsMxf  coefficient of Dice ranged from 0.50 to 1.00. There was
glaziovii, 20 cassava clones and 49 clones of cassay®o the presence of four pairs of duplicates [(UFLA 65
tree, collected in Nigeria, and found higher diversity amon@o)/UFLA 10 (75); UFLA 75 (55)/UFLA 17 (56); UFLA 61
cassava trees, followed B glazioviiand less variability (42)/UFLA 8 (45) and UFLA 24 (58)/BAIANINHA (59)].
among the cassava clones. The cassava germplasm is made up of varieties and natural

Heterozygosity can be considered a measure of genefigorids found in places of origin, collections and in the
variability. This measure refers to how much of thabroduction areas in several countries.
variation exists in the population and how that variationis  These genotypes are often given confusing names,
distributed across the alleles of an analyzed locus. Laymetimes assigning the same name to different access or
heterozygosity means little genetic variahilitys considered gitferent names to the same access, which complicates
a polymorphic locus when the most common allelge correct identification of the material and may cause
frequency is less than 0.95 (Menezes et al. 2006). Thg presence of duplicates in germplasm banks. Thus,
heterozygosity of a marker is the probability of an individugl3sed on this same rationale, it is noteEhinle 1, diferent
being heterozygous at a marker locus, and this depenggessions of the same name (accessions 37 and 91 -
on the number of alleles and their frequency in thgocoTO and accessions 50 and 77 - UFLA 60). Those
population. through the dendrogram are in different groups.

The observed heterozygositid) is the proportion Coefficients of similarity between the 93 cassava
of heterozygous individuals in population samples, expectgd cessions ranged from 0.16 to 0.96. The lowest genetic
heterozygosityHi) is the probability of an individual being gimjjarity (0.16) was observed among accessions UFLA
heterozygous in any locus. In this studlye highest gq nq UFLA 76, while the highest genetic similarity was
heterozygosity values observed and expectedl€T3)  ,pqened between UFLA 9 and DESCONHECIDO 3; UFLA
were achieved witlprimer GA-131 o = 0.56 and 55 anq 1 3; 1AC 12 and UFLAZ3 all with a 0. 96 similarity
He = 0.69). The observed heterozygosity showed 10Wser estimating the genetic similarities and considering

values in relation at expected heterozygosity values jjq similarity of 69 % among clones, we observed the
most of the loci, indicating homozygous in excess. 58 % %rmation of 20 groups.

the polymorphic primers were homozygous and this Coefficients of similarity between the 93 cassava

suggests tha.t sexual reproduct.ion from the 93 CIQ”_‘?S MYtessions ranged from 0.16 to 0.96. The lowest genetic
have had a high rate C?f ;elf—pollmat@tmother p035|b_|l|ty similarity (0.16) was observed among accessions UFLA
'S that the clqnes 0”,9'”ated from small populations %0 and UFLA 76, while the highest genetic similarity was
high levels of inbreeding. observed between UFLA 9 and DESCONHECIDO 3; UFLA

The accessions showed values among 0.00 and 0285 r 3; IAC 12 and UFLAT3 all with 0. 96 similarity
to observed heterozygosity and values among 0.34 afgle, estimating the genetic similarities and considering

0.69 to expected heterozygosifine average achieved yho gimjjarity of 69 % among clones, we observed the
for these indexes We|=_d.=0: 0.18 _and—|e_: 0.46. Roaetal. 5 mation of 20 groups.
(2000) found for 10 microsatellite loci, levels of expected .o groups formed wer&roup | (BAIANA and

heterozygosityHe = 0.43 (38 accessions &anihot ¢y A 30) Group Il (UFLA 63 and UFLA 19)Group Ill
esculenty, He= 0.31 (26 accessions dflanihot (UFLA59, IAC 15, UFLA 29, UFLA 60 and UFLA 6roup
carthaginensiy He = 0.54 (16 accessions ®fanihot |\, (UFLA7, UFLA 16, UFLA 21, UFLA 71, CASCA ROXA
esculentassp.flabgllifolia) an_d He= 0.32 Q\/Ianihot_ UFLA 48, UFLA 65, UFLALO AMARELINHA, IAC 14 and
esculentassp.peruviang. The index of heterozygosity ;g o 49),GroupV (UFLAG LT 2, UFLA72, UFLA77,
observed werkl,=0.63H,=0.12}H,= 0.44 andH, =031y A 22 MOCOTO, UFLA 31 and UFLA 20%roup Vi
respectively Lefévre and Charrier (1993) found rates OEUFLA 32 and PIONEIRA)Group VIl (UFLA 4, UFLA 45
heterozygosity for 17 polymorphic isozyme loci of 0.225 ibyHEIRA, UFLA 58, UFLA 18, UFLA 27, UFLA 36 e UFLA
365 accessions of cassava and 0.252 in 109 accessionj}ngroupvm (LT 4, UFLA9, DESCONHECIDO 3, UFLA
M. glaziovi . _ 12, UFLA 53, MANABOW and UFLA 64)Group IX (UFLA
The dendrogram (Figure 1) in the cluster analysi§1 and UELA 62)Group X (UFLA 57),Group XI (UFLA 42
indicates genetic variability among analyzed accessioggg JB)Group XII (FIBRA, UFLA E and UFLA 60)Group
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Xl (UFLAH, IAC576 70, UFLA 90, UFLA 66, UFLA 2, to note the small number of bands and mainly the loci

UFLA 75, UFLA17,1AC 12, UFLA 73, UFLA 23, UFLA 46 usedAs similarity is an estimate of relatedness between

and UFLA 28)Group XIV (IAC 576 60, SEIS MESES and the clones, based on a sample of the cassava genome, it

UFLA 76),Group XV (UFLA 25, LT 3, UFLA40 and UFLA  was noticed that the sample was deficient. Consequently

11),Group XVI (OURO DOVALE), Group XVII (UFLA33, the estimates may not be a true indicator of kinship.

MOCOTO, UFLA 41, NI, UFLA 61, UFLA 8, UFLA 24 and Therefore, more markers and morpho-agronomic

BAIANINHA), Group XVIII (UFLA47,BAIANAIL LT1, characterization of clones should be considered for better

UFLA 38, UFLA 52, UFLA 26, UFLA 39, UFLA 5 and PAO definition of kinship, especially in the identification of

DA CHINA), Group XIX (UFLA 15),Group XX (IAC 13 duplicates to be eliminated from the germplasm.

and UFLA J). The genotypes that showed high similarity (0.96)
Group XIlII, composed of 12 accessions or 12.90 %re UFLA9/DESCONHECIDO 3, UFLR5/LT 3 and IAC

of the total was the largest. Followed by group IV with 112/UFLA 73. OURO DOVALE cultivar and new clones

(11.83 %), group XVIII with 9 (9.68 %); groupsViland UFLA 57 and UFLA 15 are not grouped with any other

XVII with eight accessions each (8.60 %), group VIl fmaterial. The new clones UFLA 60 and UFLA 76 showed

(7.53 %), group Il with five accessions (5.38 %), groud6 % similarity with these being the most divergent.

XV 4 (4.3 %), groups Xl and XIV with three (3.22 %),

groups I, I, VI, IX, XI and XX with 2 each (2.15 %) and CONCLUSIONS

groups X, XVI, XIX with only one access (1.08 %). It was 1. It was possible to demonstrate the variability

observed that the clustering method was effective @mong accessions of the cassava germoplasm cluster in

discriminating accesses as far as diversipnsidering twenty groups;

the large number of groups and the relatively low values 2. The microsatellite markers also identify possible

of similarity between various approaches. Howgetiere  duplicates in germplasm collections;

are very high values of spetween some clones as seen 3. In this study certain sequences of the primers

at 0.96, which may mean access duplication. It is necessargre more suitable for the amplification of alleles.

Variabilidade genética entre acessos de mandioca com
base em marcadores SSR

RESUMO - Objetivou-se caracterizar e estimar a similaridade genética entre 93 acessos de mandioca. A amplificagdo do DNA foi
realizada com 1lgrimersmicrossatélites. Os produtos de amplificacao foram separados por eletroforese em gel de poliacrilamida,
evidenciando-se a formacao de bandas polimérficas, por meio das quais os acessos foram discriminados. A similaridade genética
entre os acessos de mandioca foi estimada por meio do coeficiente de Dice. A analise de agrupamento foi feita com o método
UPGMA. 26 alelos foram amplificados com 2 a 4 alelos por loco. O coeficiente de similaridade genética variou de 0,16 a 0,96. Os
valores médios para heterozigosidade observada e esperada foram 0,18 e 0,46, respectivamente. 20 agrupamentos de similaridade
genética foram detectados, demonstrando a existéncia de diversidade entre os acessos, sugerindo a possibilidade de geracéo de
hibridos heteroéticos.

Palavras-chave Manihot esculentanicrossatélites, caracterizagao genética
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