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Abstract 

This study aimed at evaluating the genetic diversity of commercial water yam varieties with microsatellite 
markers. Yam is the fourth more important crop from the tuber and root crops in the world. We assessed 27 
varieties of Dioscorea alata, collected in markets of several cities in Brazil, and from the germplasm collection of 
the Agronomic Institute (IAC), in Campinas, SP. CTAB 3% method was used for DNA extraction. We used 12 
microsatellite primers for the amplification reactions. The amplified material was separated on 6% 
polyacrylamide gels and stained with silver nitrate. We performed clustering analysis and principal coordinates, 
using the NTSYS-pc software. High polymorphism was found among loci verified by the high PIC values (0.46 - 
0.87). The accessions were classified in two main groups, showing great genetic variability, verified by the 
magnitude of the Jaccard’s similarity coefficient (0.29 to 1.0). One of the main groups ranked most of the IAC’s 
collection, with accessions originating from Africa, the Belgian Congo, being similar to varieties marketed today. 
In the second group, there was a high similarity of an accession originated from Puerto Rico, which led to the 
Florida variety, the most planted now-a-days, with several commercial varieties. The results, therefore, suggest 
the hypothesis of separate ancestry of the varieties currently under cultivation in Brazil. Four duplicates were 
found with accessions acquired in different cities, revealing the marketing of the same variety in different 
locations. The analysis of principal coordinates, with the first two coordinates explaining 49.2% of total variation, 
confirmed the groupings formed. 
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Introduction 

Yam is one of the most important crops in the tropics and subtropics, being mainly cultivated in the West and 
Central regions of Africa, where it is also widely consumed (Mignouna et al., 2005). It belongs to the 
Dioscoreaceae family and Dioscorea genus, which contains approximately 600 species, where only 10 are 
economically viable for consumption (Pedralli, 2002). 

The world-wide yam production, estimated in 2005, was approximately 44.3 million tons, with Nigeria being the 
largest world-wide producer. The remaining is produced mainly in Latin America, the Melanesia and Japan (FAO, 
2005). The Brazilian yam production is concentrated in the Northeast and Southeast regions, in the states of 
Paraíba, Rio de Janeiro, Minas Gerais, Pernambuco, Espírito Santo and São Paulo, responsible for approximately 
90% of total national yield (Mesquita, 2001). In the Southeast region, 83.766 tons of Dioscorea alata L. were 
produced in the year 2000, and this number was not higher due to gaps in public and private sector which do 
not allow the markets supply and a quality standard of these tubers to be reached (Mascarenhas and Resende, 
2002). 

Studies with molecular markers, including microsatellites (SSR), have become an important tool for the 
identification of cultivars, and mainly for population genetics studies (Caixeta et al., 2006). Besides, since this 
marker is, in general, more abundant in the majority of the genomes, possessing a high informative content, it 
becomes interesting to use it as tool for the assessment of distinct yam (D. alata) varieties. Microsatellite primers 
have already been developed for a few Dioscorea species (Hochu et al., 2006; Bousalem et al., 2006), including D. 
alata (Tostain et al., 2006). Fundamentally, SSR markers have been used in studies of segregation patterns and 
genetic characterization of accessions of Dioscorea species (Terauchi and Konuma, 1994; Mignouna et al., 2003a; 
Mignouna et al., 2003b; Scarcelli et al., 2005). 
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This study aimed to access the genetic diversity of 27 yam commercial varieties obtained in fairs, markets and 
germplasm banks using SSR markers, in order to verify the level of genetic vulnerability. The work aimed to 
contribute for in situ and ex situ conservation strategies, emphasizing the role of local breeders for the 
propagation and maintenance of this crop. 

Materials and methods 

This study used 27 accessions belonging to the germplasm collections from “Luiz of Queiroz” College of 
Agriculture/São Paulo University (ESALQ/USP), in Piracicaba, SP, and the Agronomic Institute (IAC), in Campinas, 
SP. The accessions were obtained from different municipalities in Brazil, and also from Puerto Rico, Singapore 
and Belgian Congo (Table 1). 

For DNA extraction, the Siqueira et al. (2009) methodology, based in CTAB extraction buffer, with modifications, 
was used. Thirteen microsatellite loci (primers), based on Tostein et al. (2006) and Mignouna et al. (2003) were 
used. The polymerase chain reactions (PCR) were conducted in a final volume of 10.2 μL, in accordance with 
Siqueira et al. (2009). The reactions were accomplished in the thermocycler BioRad®, MyCycler® model, in the 
following amplification conditions: initial denaturalization at 94ºC for 5 min, followed by 35 cycles of 
denaturalization at 94ºC for 30 s, 1 min at the defined annealing temperature for each primer (Table 1), and 1 
min at 72ºC, with a final extension at 72ºC for 8 min (Tostein et al., 2006). The amplification products were 
submitted to electrophoresis in a polyacrylamide gel (6%) using a silver staining procedure (Bassam et al., 1991). 

 

Table 1. List of the 27 Dioscorea alata accessions used in this study, including their origin and common 
names 

Germplasm 
Number1

 

Origin (municipalities/state/country) Introduction 
year 

Origin Variety name 

SRT 3.0 Campinas – SP - Brazil 1936 IAC Mimoso 

SRT 24.0 Sorocaba – SP – Brazil 1947 IAC Sorocaba 

SRT 29.0 Puerto Rico 1947 IAC Flórida 

DGC 36.0 Iguape – SP – Brazil 2002 Local market --- 

DGC 38.0 Araras – SP – Brazil 2002 Local market --- 

DGC 40.0 Piracicaba – SP – Brazil 2002 Local market --- 

DGC 43.0 Matão – SP – Brazil 2002 Local market --- 

DGC 45.0 Campinas – SP – Brazil 2002 IAC --- 

DGC 46.0 Piracicaba – SP – Brazil 2002 Local market --- 

SRT 66.0 Congo Belga – Jamgambi  1949 IAC Angola II 

SRT 71.0 Congo Belga – Jamgambi 1949 IAC Bira 

SRT 75.0 Congo Belga – Jamgambi 1949 IAC Leno Dandino 

SRT 78.0 Singapore 1949 IAC Singapura roxo 

SRT 80.0 Minas Gerais – Brazil 1949 IAC Branco Viçosa 

SRT 84.0 Campinas – SP – Brazil 1951 IAC Cova Campinas 

SRT 89.0 Araraquara – SP – Brazil 1959 IAC Araraquara I 

DGC 97.0 Cuiabá – Mato Grosso – Brazil 2006 Municipal market --- 

DGC 107.0 Botucatu – SP – Brazil 2006 Local market --- 

SRT 112.0 Mato Grosso do Sul – Brazil 2000 IAC Cará do Mato 

DGC 115.0 Fortaleza – CE – Brazil 2006 Municipal market --- 

DGC 116.0 Cuiabá – Mato Grosso – Brazil 2006 Municipal market --- 

DGC 123.0 Mogi-Guaçu – Brazil 2006 Small farmer --- 

DGC 124.0 Campo Grande – Mato Grosso – Brazil 2007 Municipal market --- 

DGC 127.0 Santa Mercedes – SP – Brazil 2007 Small farmer --- 

DGC 128.0 Belo Horizonte – Minas Gerais – Brazil 2007 Municipal market --- 

DGC 129.0 Espírito Santo – Brazil 2007 Municipal market --- 



 
 

DGC 132.0 Fernandópolis – SP - Brazil 2007 Local market --- 
1SRT – germplasm from the Agronomic Institute (IAC); DGC – germplasm from ESALQ/USP. 
For the statistical analysis a similarity matrix was obtained for the 27 yam accessions using binary data and the 
Jaccard similarity coefficient method. With this coefficient and the UPGMA (Unweighted Pair Group Method with 
an Arithmetic Mean) (Sneath and Sokal, 1973) method, cluster analyzes were accomplished, using the NTSYSpc 
software (Rohlf, 1992). The precision of the generated groupings was estimated from sampling simulations, 
considering 10.000 bootstraps, using BOOD, version 2.0 software (Coelho, 2001). An analysis of principal 
coordinates was also accomplished with the NTSYSps software (Rohlf, 1992). The number of alleles per loci as 
well as the Polymorphism Information Content (PIC) were also determined. 

Results and discussion 

In this study, all 13 loci (primers) used showed polymorphism between the analyzed accessions, producing well 
definite and reproducible fragments. A total of 83 alleles (fragments) were amplified with an average of 7 alleles 
per loci (Table 2). The highest number of alleles (10) was verified for loci Dab2E07, and the lower number (4) was 
found for primers Da1D08 and YM-28. The polymorphism information content (PIC) values varied from 0.87 to 
0.46, with 0.71 on average. The highest value was obtained for primer Dab2E07 and the lower value for primer 
Da1D08, demonstrating that the SSRs used in the present study presented, on average, a high level of 
information. 

Table 2. Polymorphism detected based on SSR primers, including allele number, annealing 
temperature, fragment size and polymorphism information content (PIC) when assessing 27 
Dioscorea alata accessions 

Primers Allele 
number 

Annealing 
temperature (ºC) 

Fragments size 
(pb) 

PIC 

Dpr3D06 8 56 140 – 180 0.7206 

Dpr3F04 8 51 100 – 145 0.7372 

Da1A01 7 50 210 – 270 0.7562 

Da1C12 5 55 165 – 190 0.6932 

Dab2C05 9 50 145 – 205 0.8073 

Dab2D06 8 50 260 – 325 0.8041 

Da1D08 4 50 310 – 325 0.4629 

Dab2E07 10 50 150 – 220 0.8696 

Da1F08 9 53 190 – 250 0.6905 

YM-19 5 50 230 – 255 0.6538 

YM-28 4 50 380 – 440 0.5834 

DprF3F12 6 55 155 – 200 0.7836 

Dpr3D06 8 56 140 – 180 0.7206 

Mean 7 - - 0.7141 
 

In the cluster analysis (Figure 1), the Jaccard’s similarity coefficient varied from 0.29 to 1.0, indicating the 
existence of a significant genetic variability among the accessions. This genetic variability is divided in two main 
groups: the first group represented, in its majority, the genetic material of IAC collection, presenting two distinct 
sub-groups: sub-group 1, including varieties Mimoso, Sorocaba, Branco Viçosa, Bira and Leno Dandino, the two 
last accessions originating from Belgian Congo; sub-group 2, which includes cultivar Angola II, also originating 
from Belgian Congo, grouped with 99.8% similarity with two commercial varieties obtained in markets in the 
state of São Paulo (in the cities of Matão and Piracicaba), indicating that, most probably, these commercial 
varieties originated from the Angola II cultivar. Sub-group 2 was also constituted by varieties Cova Campinas 
(mutant variety), and Cará do Mato (originating from Mato Grosso do Sul), both from the IAC germplasm bank, 
besides a commercial variety collected in Cuiabá. 
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Figure 1. Dendrogram obtained by UPGMA method, Jaccard similarity coefficient and the Bootstrap 
method (percentages) for 27 Dioscorea alata accessions 

 

The second main group, including two sub-groups (sub-group 3 and sub-group 4), is represented in its majority 
by commercial varieties obtained in Brazilian markets, with the exception of two genetic materials from IAC 
collection (SRT 29 from Puerto Rico and SRT 78 from Singapore). Sub-group 3 includes Florida variety, introduced 
in the 1950s and currently the most accepted commercially in São Paulo State (Monteiro and Peressin, 2002), 
which showed around 70% similarity to a group of commercial varieties obtained in markets in the cities of 
Iguape, Araras, Campinas, Araraquara, Botucatu, Rio de Janeiro and Belo Horizonte. Therefore, the results 
indicate that these varieties were probably originated from Florida variety, originally derived from Puerto Rico 
(Abramo, 1990). This sub-group also includes, although with lower similarity (<65%), the Purple Singapore 
variety (from IAC), introduced from Singapore in 1949. 

Sub-group 4 includes accessions with high similarity level, obtained in Piracicaba, Mogi Guaçu (São Paulo), 
Campo Grande (Mato Grosso do Sul) and Santa Mercedes (São Paulo), which were grouped, with around 60% 
similarity, with a variety collected in Fortaleza, Ceará State. This group includes two other commercial varieties, 
one collected in Cuiabá, Mato Grosso and another in Fernandópolis, São Paulo. Similarly, the principal 
coordinates scatter graph (Figure 2) agrees with the data presented in the dendrogram, allowing the 
visualization of the two main groups and the four sub-groups previously mentioned. 

Accessions with high similarity level, including materials from distinct regions, were observed in this study, 
showing the cultivation of the same variety in diverse cities of Brazil or the marketing of the same variety in 
several places, most probably through CEASA (market supply and distribution center) located in several 
municipalities of several Brazilian states. Also, it was possible to evidence that materials deriving from other 
countries, such as Puerto Rico, Singapore and Africa, including Belgian Congo, formed independent groups, 
which can lead to the hypothesis of distinct ancestry for the varieties commercialized today in Brazil.  

High levels of polymorphism were presented by D. alata in this study, considering that each allele is considered a 
unique character and, being a tetraploid species, each individual can present one to four different alleles in each 
loci. Additionally, the high levels of polymorphism suggest that this molecular marker can be a useful tool with a 
high precision in the detection of genetic differences between cultivars. However, additional studies, involving a 
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higher number of accessions, shall be accomplished aiming to a better understanding on how this species 
germplasm is structured and organized, and on the origins of the cultivated commercial varieties in Brazil. 

 

 
Figure 2. Scatter graph of 27 yam (Dioscorea alata L.) accessions obtained from a principal coordinate 
analysis 
 

Conclusions 

Microsatellite markers allowed the identification of high genetic variability in the yam (D. alata) accessions 
originated from two germplasm collections. These markers represent an important tool for the construction of 
genetic profiles of yam cultivars, showing potential to be used in plant breeding programs and in ex situ yam 
conservation programs as well. The results allowed to infer on the genetic origin of the commercial varieties 
currently cultivated in Brazil, and on its market distribution. 
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