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ABSTRACT. Single nucleotide polymorphism (SNP) markers were used 
in the largest cassava (Manihot esculenta Crantz) germplasm collection 
from Brazil to develop core collections based on the maximization strategy. 
Subsets with 61, 64, 84, 128, 256, and 384 cassava accessions were 
selected and named PoHEU, MST64, PoRAN, MST128, MST256, and 
MST384, respectively. All the 798 alleles identified by 402 SNP markers 
in the entire collection were captured in all core collections. Only small 
alterations in the diversity parameters were observed for the different core 
collections compared with the complete collection. Because of the optimal 
adjustment of the validation parameters representative of the complete 
collection, the absence of genotypes with high genetic similarity and the 
maximization of the genetic distances between accessions of the PoHEU 
core collection, which contained 4.7% of the accessions of the complete 
collection, maximized the genetic conservation of this important cassava 
collection. Furthermore, the development of this core collection will 
allow concentrated efforts toward future characterization and agronomic 
evaluation of accessions to maximize the diversity and genetic gains in 
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cassava breeding programs.
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INTRODUCTION

Cassava (Manihot esculenta Crantz) is a species that produces starchy roots with high 
adaptability to different environments, and it is considered to be a basic food for more than 800 
million people, most of whom are in Sub-Saharan Africa (Lebot, 2009). In Brazil, especially 
Northeast region, cassava plays an important role in food security because of its ability to grow 
under adverse environmental conditions (poor soils and low water availability) where other 
crops cannot be cultivated. In contrast, in mid-south Brazil, cassava has a strong industrial ap-
peal. Although widely cultivated in tropical and subtropical regions of Africa, Asia, and Latin 
America, cassavas are native to South America.

One of the largest cassava germplasm collections in Latin America belongs to Embrapa 
Mandioca e Fruticultura (Bahia, Brazil), with more than 1300 accessions maintained in vivo. 
This variability is represented mostly by creole varieties that were selected naturally or by 
producers. Because cassava is an allogamous crop, its propagation is mainly carried out vegeta-
tively through cuttings. Therefore, a cassava germplasm may be maintained vegetatively in situ 
and ex situ in the field and in vitro in the laboratory or by botanical seeds. However, improved 
cassava varieties and landraces that are maintained in the Cassava Germplasm Bank (CGB) at 
Embrapa are almost exclusively kept as in vitro plantlets or in clonal forms in the field.

The cassava germplasm collections are important to the preservation of genetic vari-
ability, allowing the development of new varieties with drought tolerance, disease resistance, 
and better starch quality and yield. According to Belaj et al. (2012), germplasm banks are 
responsible for maintaining accessions, documentation, evaluation, and making the informa-
tion regarding the genetic resources of the species available for effective use in plant breeding. 
However, maintaining a species that propagates vegetatively, such as cassava, is very labori-
ous, thus limiting the size of the collection. Furthermore, there is a gap between the diversity 
of the cassava germplasm collection and its effective use in the development of new varieties.

In general, the high number of accessions, the high maintenance cost, and the lack of 
complete information regarding the diversity of the accessions hinder successful use of the 
genetic potentials of most germplasm collections (Brown, 1989a,b; van Hintum et al., 2000; 
Bhattacharjee et al., 2012). However, the management of large germplasm collections may 
be improved by the use of sub-samples that represent the maximum variability of the species, 
which are also known as core collections.

The significant advances in the evaluation of genetic diversity in germplasm were fol-
lowed by the development of different methodological approaches to guide the development 
of core collections (Schoen and Brown, 1993; Franco et al., 2005, 2006). The maximization 
strategy (M) that maximizes the number of alleles in each locus (Schoen and Brown, 1993) 
has been used in many studies to maintain the different alleles of a collection, eliminating 
redundancy and capturing most of the genetic diversity for a restricted number of accessions.

Core collections have been developed for many species (McKhann et al., 2004; Franco et 
al., 2006; Richards et al., 2009; Belaj et al., 2012); however, the first cassava core collection was 
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developed by the International Center for Tropical Agriculture (CIAT) with approximately 630 ac-
cessions (Hershey et al., 1994). Recently, Bhattacharjee et al. (2012) developed a cassava core col-
lection that included 22.6% of the 1890 accessions that were maintained in the germplasm bank at 
the International Institute of Tropical Agriculture (IITA) using 40 morpho-agronomic descriptors.

Cordeiro et al. (1995) provided the general criteria that should be used to develop a 
Brazilian core collection. However, until now, no core collection has been developed for cas-
savas using single nucleotide polymorphism (SNP) markers. Because core collections are es-
sentially dynamic because of the addition of new accessions and the availability of additional 
information (agronomic and/or molecular), the development of different core collections is 
justified. Furthermore, because the establishment of a cassava core collection may facilitate 
the evaluation and use of its genetic diversity in genetic breeding, this study aimed to develop 
a core collection that was representative of the diversity preserved in one of the largest cassava 
germplasm collections in Latin America at Embrapa Mandioca e Fruticultura.

MATERIAL AND METHODS

Plant materials

One thousand two hundred eighty accessions from the CGB at Embrapa Mandioca 
e Fruticultura (Cruz das Almas, BA, Brazil), obtained from multiple ecosystems in Brazil, 
Colombia, Venezuela, and Nigeria, were assayed. This germplasm bank consists of landraces 
and improved varieties obtained from conventional breeding methods such as crosses and 
selections, as well as from the selection of landraces with a high-yield potential identified by 
producers or research institutions.

DNA extraction

DNA was extracted from young cassava leaves following the protocol described by 
Doyle and Doyle (1990). A 1.0% agarose gel (w/v) was used to estimate DNA concentrations 
by comparing the fluorescent signal from DNA that was stained with 1.0 mg/mL ethidium bro-
mide to the signals from a dilution series of commercial Lambda DNA (Invitrogen, Carlsbad, 
CA, USA) of known concentration.

Molecular characterization of cassava accessions by SNP markers

The genotyping of 354 SNP markers from genic regions and another 48 markers de-
rived from the cassava physical map was carried out by the MassArray system (Sequenom 
iPLEXassay, San Diego, CA, USA). Polymerase chain reaction (PCR) was conducted accord-
ing to MassExtend (Sequenom) using 15 ng genomic DNA. Locus-specific PCR primers were 
designed using the MassARRAY Assay Design 3.0 software (Sequenom).

The DNA samples were amplified by a multiplex reaction, and the PCR products were 
used for a one-base extension reaction for each specific locus. The products were desalinized 
and transferred to a 384-element SpectroCHIP array. The alleles were discriminated by mass 
spectrometry (Sequenom). Only the samples and SNPs that contained less than 10% unknown 
data were analyzed.
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Genetic diversity of the entire collection

The cassava germplasm diversity was assayed according to the following parameters: 
total number of alleles (NA), polymorphism information content (PIC), shared allele distance 
(SAD), observed heterozygosity (HO), and expected heterozygosity (HE) or genetic diversity. 
The PowerMarker v 3.25 (Liu and Muse, 2005) software was used for analysis.

Construction of the core collection

Two different algorithms based on the M strategy were used to develop the core col-
lection. The standard M strategy described by Schoen and Brown (1993) was employed using 
the MSTRAT software (Gouesnard et al., 2001). Four main subsets of different sizes were 
assayed, including 64 (5.0% of the entire set), 128 (10.0%), 256 (15.0%), and 384 (20.0%) 
accessions. Hereafter, these collections will be named MST64, MST128, MST256, and 
MST384, respectively. For each sample size, 50 independent replications and 100 interactions 
were created, and the core collection with the highest Shannon diversity index was selected to 
make up the germplasm subset for each collection size.

The M strategy with random and advanced selection with heuristic search, as proposed by 
Kim et al. (2007), was carried out using the PowerCore v1.0 software. The M strategy with random and 
heuristic searches selects the most diverse accessions to represent the entire set of alleles from the SNPs 
in the entire collection. Through this method, the final size of a core collection is unknown a priori and 
depends on the levels of variability and redundancy in the collection. These collections are named Po-
RAN and PoHEU for the M strategy with random search and advanced heuristic search, respectively.

Validation of the representativeness of the core collections

Genetic diversity measures (NA, PIC, HO, HE, and SAD) were estimated separately 
for each of the core collections as well as for the entire collection. The diversity estimates 
of the different core collections were compared with that of the entire cassava germplasm.

Molecular analysis of variance (AMOVA)

AMOVA was carried out to compare the diversity of the accessions that represent the different 
core collections: MST64, MST128, MST256, MST384, PoRAN, and PoHEU. These analyses were 
performed using the GenAlEx 6.1 software (Peakall and Smouse, 2006). The genetic structure of the 
core collections in comparison with the entire collection was inferred based on the genetic relationships 
between the accessions, which were evaluated by the principal component analysis (PCA) of the 1280 
cassava accessions using the genetic distance matrix of the shared alleles of the SNP markers. The PCA 
analysis was performed with the Genealx 6.1 software (Peakall and Smouse, 2006).

RESULTS

Development of core collections and comparison with the entire collection

Four cassava core collections with 5, 10, 15, and 20% (64, 128, 256, and 384 acces-
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sions, respectively) of the total number of accessions were constructed from the original col-
lection using the MSTRAT software. The core collection obtained by the PowerCore software 
using the M strategy with random selection was composed of 84 accessions (6.6%), whereas 
that obtained by the advanced M strategy with heuristic search was composed of 61 accessions 
(4.7%).

All alleles detected in the cassava germplasm were maintained in the different core 
collections (Table 1). PIC estimates were slightly higher for the MST64, MST128, PoRAN, 
and PoHEU collections than in the entire collection, although all collections presented the 
same variation in the PIC values for the different SNP loci.

Parameter1	 Entire collection	 MST64	 MST128	 MST256	 MST384	 PoRAN	 PoHEU

NA	 798	 798	 798	 798	 798	 798	 798
PIC	 0.258	 0.267	 0.262	 0.258	 0.258	 0.270	 0.263
HO	 0.318	 0.299	 0.307	 0.311	 0.321	 0.292	 0.297
HE	 0.322	 0.330	 0.325	 0.323	 0.323	 0.334	 0.325
SAD	 0.260	 0.284	 0.267	 0.255	 0.260	 0.274	 0.289

Table 1. Diversity parameters for the different cassava core collections and the entire Cassava Germplasm 
Bank (CGB) at Embrapa Mandioca e Fruticultura.

1NA = total number of alleles; PIC = polymorphism information content; HO = observed heterozygosity; HE = 
expected heterozygosity; and SAD = shared allele distance.

The HO estimates were decreased for all core collections except MST384. In contrast, 
HE estimates were slightly increased for the MST64, MST128, PoRAN, and PoHEU collec-
tions compared with the entire collection.

With regard to the genetic distances of the accessions in the core collections that were 
calculated based on the distances of shared alleles, all of the collections except MST256 and 
MST384 had slightly increased genetic distances between accessions compared with the entire 
collection. In addition to showing a variation of 0.136 to 0.402, the PoHEU collection had the 
highest average SAD value (0.289 compared with 0.26 for the entire collection), whereas the 
remaining collections contained accessions with genetic distances that were close to 0.01. In 
fact, the genetic distances evaluated based on the shared allele distances varied from 0.081 
to 0.402 for MST64 and from 0.136 to 0.402 for PoHEU, and the remaining core collections 
showed variations that ranged from 0.010 to 0.402 (Figure 1).

When the breeding pattern of the cassava accessions was evaluated based on the clas-
sification of landraces and improved varieties, there was a proportional distribution of the gen-
otypes for all core collections relative to the entire collection (Figure 2). Collection MST128 
showed the same proportions in the distribution of accessions as the entire collection (12% of 
improved varieties and 88% landraces). A similar observation was made when the geographic 
origins of the cassava accessions were considered, although the MST64 and PoHEU collec-
tions had a decreased representation of the accessions from northeast Brazil and an increased 
representation of Brazilian accessions of unknown origin. In contrast, the MST128 collection 
had a reduced representation of accessions from the Northeast Brazil and an increased number 
of accessions from the North Brazil (Figure 3).

Only 17 accessions were common to all six core collections. Another 17 were com-
mon to five core collections. However, most accessions (388) were present in only one of the 
core collections (Figure 4).
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Differentiation of the core collections

AMOVA, which assessed the genetic variation between and within the different collec-
tions, showed that the most significant differences in the molecular variance of the SNPs were 
almost entirely within the core collections (99.70%). Only 0.30% of the molecular variance was 
attributed to differences between core collections (), suggesting that, in general, the collections 
were similar in terms of the allelic variance of the SNPs. Although the percentages of genetic 
variation attributed to each core collection were quite similar (variations between 14.28 and 
19.78%), the MST64 and PoHEU collections presented higher genetic differentiation compared 
with the remaining collections, with values of 17.97 and 19.78%, respectively.

Figure 1. Boxplot of the distribution of the genetic distance of shared alleles for the different core collections 
containing a total of 1280 accessions from the cassava germplasm that were genotyped with single nucleotide 
polymorphism markers.

Figure 2. Distribution of cassava accessions according to the breeding pattern (landraces and improved varieties) 
in the entire collection (EC) of the Cassava Germplasm Bank at Embrapa Mandioca e Fruticultura and in the core 
collections.
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Figure 3. Distribution of cassava accessions according to their geographic origin in the entire collection (EC) of 
the Cassava Germplasm Bank (CGB) at Embrapa Mandioca e Fruticultura and in the different core collections.

Figure 4. Distribution of accessions selected according to their presence in one or more cassava core collections  
established using SNP molecular markers.

Source of variation	 Degrees of freedom	 Average squares	 Percent of variation (%)

Between collections	     5	     239.225	     0.30
Within collections	 971	     166.155	   99.70
MST64	   63	   212.72	   19.78
MST128	 127	   177.64	   16.52
MST256	 255	   157.86	   14.68
MST384	 383	   153.61	   14.28
PoHEU	   60	 193.2	   17.97
PoRAN	   83	   177.07	   16.47
Total	 976		  100.00

Table 2. Molecular analysis of variance (AMOVA) of the different cassava core collections obtained by the 
maximization (M) strategy with 5.0% (MST64), 10.0% (MST128), 15.0% (MST256), and 20.0% (MST384) 
of accessions from the total set and with random (PoRAN) and advanced heuristic (PoHEU) searches.
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Figure 5. Principal component analysis using the shared-allele distances for the entire collection and the different 
cassava core collections: A. M strategy with 5.0% selection from the entire collection (MST64); B. M strategy with 
10.0% selection from the entire collection (MST128); C. M strategy with 15.0% selection from the entire collection 
(MST256); D. M strategy with 20.0% selection from the entire collection (MST384); E. M strategy with random 
selection of accessions (PoRAN); and F. M strategy with advanced selection using a heuristic search (PoHEU).

Validation of the core collections based on PCA

PCA was performed to validate the different core collections. The results showed that 
the distribution of the core collections and the entire collection may be represented by the first 
two principal components, which were responsible for 60.78% of the total genetic variance 
(Figure 5).
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There is a good distribution of the cassava accessions in the complete collection based 
on the first two principal components, with a greater concentration of accessions in the lower 
left quadrant (gray cross in Figure 5) than in other quadrants. In general, all core collections 
were highly representative of the entire collection (dark circles in Figure 5). The MST384 
collection enabled the selection of highly representative accessions from the entire collection. 
In contrast, the smaller collections (MST64, PoRAN, and PoHEU) enabled the selection of 
accessions from all quadrants of the PCA graph, which effectively contributed to the represen-
tation of the cassava collection.

DISCUSSION

Representativeness of the cassava core collection

According to Cordeiro et al. (1995), three basic criteria should be followed to select 
cassava accessions to constitute a core collection of the species: a) classification based on the 
breeding pattern (landraces or improved material), b) agro-ecological origin, and c) important 
agronomic characteristics, especially for breeders. Considering the availability of complete 
agronomic evaluations for all of the accessions of the CGB at Embrapa Mandioca e Fruticul-
tura, the first two criteria were then carefully observed when the core collections were formed.

Even though the core collections showed small deviations in the ratio of cassava ac-
cessions from the entire collection based on the breeding patterns and geographical origins of 
the accessions, two accessions from Venezuela in the complete collection were not included 
in any of the core collections. These two accessions had a SNP-based genetic profile that 
was very similar to that of the Brazilian landraces. Considering the large flow of propagation 
material between Brazil and Venezuela, especially from the Amazon, it is expected that these 
accessions have gene pools similar to those from Brazil; therefore, their inclusion in the core 
collections was not prioritized.

In general, the accessions from all geographical regions in the entire collection were 
represented in the different core collections (Figure 3). Of the CGB at Embrapa Mandioca e 
Fruticultura approximately 94% of the accessions originated from Brazil, and the remaining 
accessions were from Colombia, Venezuela, and Nigeria. According to Fu (2012), germplasm 
collections might not represent the gene pools of the species very well because of possible bi-
ases in the geographical representation and the random sampling of the germplasm. However, 
because cassavas are native to Brazil (Olsen and Schaal, 2001), this bias in the conservation of 
the largest part of the national germplasm is justified because these accessions likely represent 
the genetic variability that is distributed in many germplasm banks of the species.

The geographical criteria for the classification of the cassava accessions were quite ro-
bust, especially because the environmental factors that influence the phenotypic expression of 
many characteristics were considered, whereas the selection within each extract (geographic 
origin) increases the chances of maximizing the genetic variability that is retained in the core 
collection because of the concentration of genic combinations that were adaptive to environ-
mental conditions in the different extracts (Cordeiro et al., 2000). However, using the origins 
of cassava accessions to define the extracts that should make up the core collections may not 
be the most adequate criterion because the frequent exchange of propagative materials among 
producers leads to incorrect inferences. Therefore, genotypes with different names that were 
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collected in a certain region might have originated in another region, or genotypes with the 
same name might be completely different. Given these considerations, the use of more objec-
tive criteria, such as genotypic data from molecular markers, may increase the accuracy in 
defining the cassava core collections.

Selection of core collections and comparison with the entire collection

The development of a cassava core collection that is capable of representing the maxi-
mum variability in a smaller set of accessions is highly desirable for conservation and crop 
breeding. In other crops (Escribano et al., 2008; Miranda et al., 2010) and cassava (Hershey 
et al., 1994), it has been shown that a low intensity of sampling (varying from 4.7 to 20% of 
an entire collection) was enough to sufficiently represent the genetic diversity that is found in 
the entire collection.

Previous evidence suggested that maintaining allelic and genetic diversities in core 
collections is an inherent characteristic of the M strategy and nested selection methods (Schoen 
and Brown, 1993; Marita et al., 2002) when molecular markers are used. However, capturing 
all alleles in core collections is not common to all species and data sets, considering that only 
93% of alleles were represented in the core collection of corn (Todorovska et al., 2005) and 
only 98% of alleles were in the core collection of wheat (Balfourier et al., 2007). Core col-
lections need to eliminate redundancies of accessions while maintaining the genetic diversity 
and important genotypic and phenotypic characteristics of the crop. Therefore, regardless of 
the collection size, this study demonstrated a high allelic representation (100%) for all SNP 
markers relative to the entire cassava collection. Similar results for the maintenance of all al-
leles in a germplasm were also reported by Agrama et al. (2009) for a mini rice core collection 
composed of 12% of an entire collection using 70 microsatellite markers.

In general, small alterations in the genetic parameters were observed in the different 
core collections relative to the entire germplasm. However, the core collections that showed 
the best adjustment of the validation parameters to represent the entire collection and the 
maximization of the genetic distances between the accessions were PoHEU and MST64. 
Therefore, the methods implemented by PowerCore and MSTRAT software were very similar 
considering the selection of the cassava core collections. According to Franco et al. (2006), 
the M strategy is the most powerful function for the selection of accessions with great allelic 
diversity and for eliminating redundancies from non-informative alleles that appear because 
of co-ancestry. In fact, the M strategy (Schoen and Brown, 1993) can effectively select the 
accessions of a core collection and minimize the probability that any existing allele in the 
entire collection is missing from the core collection. The implementation of this strategy in the 
MSTRAT program (Gouesnard et al., 2001) allows the alleles to be selected in an interactive 
manner, achieving high diversity by the allelic richness criteria and large sum-of-squares val-
ues of the variables analyzed. In contrast, the PowerCore algorithm utilizes a heuristic search 
based on the A* search concept, which is defined by the evaluation criteria of variable cover-
age (the ratio between the values in the core collection and those in the entire collection and 
the average of all variables) (Kim et al., 2007).

The PoHEU and MST64 collections differentiated the genotypes and had a low frequency 
of accessions with short genetic distances (close to zero). In fact, the genetic distances increased 
by an average of 7.93 and 11.01% for MST64 and PoHEU, respectively. Similar observations 
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were made in a cassava core collection that was based on morpho-agronomic descriptors, where 
the core collection retained the phenotypic diversity that was present in the entire germplasm, 
showing an increment of 15% in the average Gower distance between the accessions (Bhattacha-
rjee et al., 2012). It is possible that this average increase in the genetic distances of these core col-
lections occurred because of the elimination of accessions with high genetic similarity.

In general, a core collection should have 10% of the original collection size and rep-
resent approximately 70% of the genetic diversity of the original collection (Brown, 1989a,b). 
However, different percentages might be acceptable because the establishment of a core col-
lection depends on the size of the original collection, the quality of the data collected for the 
characterization and evaluation of the stratification of the original collection, and the sampling 
strategies (Cochran, 1977). A good core collection should incorporate the maximum diversity 
of the species with minimal redundancy and the smallest size possible to facilitate its manage-
ment and use in the development of cultivars (Brown, 1989a).

In species such as cassavas, where propagation is mainly asexual in vitro, the high 
costs of accession maintenance in the field and the high vulnerability and losses due to adverse 
environmental conditions are the main characteristics that differentiate such species from 
those whose propagative materials can be stored as seeds. Therefore, given the lowest inten-
sity of sampling among all core collections (4.7%) and its genetic diversity between acces-
sions, the PoHEU collection (established by PowerCore) may be the appropriate choice for the 
practical applications involving cassava genetic conservation. Other studies showed that the 
heuristic algorithm is capable of effectively reducing the number of accessions in germplasm 
collections while maintaining an almost complete proportion of the diversity in phenotypic 
and molecular characteristics (Kim et al., 2007; Agrama et al., 2009). The heuristic algorithm 
enabled the formation of a rice core collection containing only 1% of the entire germplasm 
in comparison with approximately 10% when proportional core collection and random core 
collection methods were applied (Chung et al., 2009). Similar to the cassava core collection, 
the heuristic algorithm is capable of reducing the maximum number of accessions without 
significant losses in the parameters that define the core collection.

The international core collection formed by CIAT is composed of 630 of the 5500 
accessions of the germplasm (11.45%). Compared with this study, a greater percentage of ac-
cessions was likely selected for the core collection at CIAT because of the use of many types of 
information, such as diversity of origin, geographic diversity, isozyme patterns, morphologi-
cal descriptors, and agronomical descriptors. In this study, because 4.7% of the cassava collec-
tion can represent the entire cassava germplasm at Embrapa Mandioca e Fruticultura without a 
significant loss of information and drastic alterations in the genetic diversity parameters, some 
redundancy/genetic similarity of the cassava accessions is likely maintained in this collection. 
In contrast, one might speculate that the bi-allelic nature of the SNP markers limited the detec-
tion of certain variability parameters, such as the PIC (maximum value of 0.50 for each locus). 
Usually, molecular markers offer more information about genetic diversity. When comparing 
SNP markers with microsatellite markers in corn, Yang et al. (2011) reported low estimates for 
HE and PIC using SNPs. Moreover, Van Inghelandt et al. (2010) showed that although similar 
inferences could be made regarding the structure and diversity of the heterotic groups in corn 
using either SNPs or microsatellites, the number of markers needed to obtain similar estimates 
of genetic diversity was 7 times greater for SNPs than for microsatellites, and the modified 
Roger’s distance was 11 times greater for SNPs than for microsatellites.
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Applications in conservation, characterization, and use of cassava genetic resources

According to Chavarriaga-Aguirre et al. (1999), the annual cost of maintaining a cas-
sava germplasm in the field is USD 17.09 per accession, and the cost rises to USD 26.22 per 
accession under in vitro conditions. Measures that aim to optimize the conservation and use of 
cassava germplasm are necessary to avoid losses and to guarantee the security of these genetic 
resources. Therefore, to facilitate the management and use of the cassava germplasm, a core 
collection composed of 61 accessions of the germplasm was established by the M strategy 
with advanced selection and a heuristic search (Kim et al., 2007), considering the representa-
tion of the cassava accessions based on their breeding patterns and geographic origins.

The proposal to concentrate efforts in the characterization and evaluation of the germ-
plasm in a small but representative core collection plays an extremely important role in im-
proving the access of breeders and other users to cassava genetic resources. This is especially 
important in the case of cassava, where the increase in the number of accessions stored in 
germplasm banks is not usually accompanied by an increase in funds for research and collec-
tion maintenance. Consequently, the use of such genetic resources has been limited because 
of insufficient characterization and evaluation. Therefore, the core collections may potentially 
contribute to the efforts in the characterization and agronomic evaluation of important attri-
butes in these accessions.

By maximizing the genetic diversity in a reduced number of genotypes, the PoHEU 
collection may facilitate studies on the variability and correlation of morphological and ag-
ronomical characteristics. An in-depth evaluation of this core collection may also be useful 
to choose the ideal parents to use in cassava breeding programs and to develop quantitative 
trait loci maps. Cassava genetic breeding programs are particularly interested in using genetic 
resources for gene and allele discovery. Such genes and alleles, which are linked to important 
biological processes, can be discovered via association mapping and genomic selection strate-
gies, and many such projects are already in progress.

The approach developed in this study may be effectively applied to develop core col-
lections for cassava and other species. However, the ideal set of accessions that comprise the 
core collection must be dynamic and revised periodically when new accessions are incorpo-
rated into the collection or when other characteristics become available. The importance of a 
dynamic core collection is reflected in this study, in which we found that only 17 accessions 
were common to all six cassava core collections and that the remaining accessions were differ-
ent in each core collection. This finding indicates the need to include complementary criteria 
in the formation of the core collections, such as morphological and agronomic characteristics 
and information about genetic structure and pedigree. In general, core collections in other spe-
cies (McKhann et al., 2004; Balfourier et al., 2007; Richards et al., 2009) have shown that the 
genetic diversity of a core collection may be maximized when a set of specific molecular or 
phenotypic characteristics are simultaneously used.

Although not all phenotypic data are available for the entire cassava germplasm, we 
suggest that the cassava core collection formed with SNP markers may effectively serve as a 
reference to research activities related to the conservation and use of these genetic resources. 
Breeding programs may prioritize the characterization and evaluation of this core collection 
in their search for desirable characteristics, such as those associated with biotic and abiotic 
resistance and root and yield characteristics. Small core collections that are focused on specific 
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characteristics may be part of the strategy to increase the use of cassava genetic resources in 
breeding programs.
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