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Abstract 

Common bean is of great relevance for several countries, especially those located in tropical regions. Common bean in 
Brazil has a wide genetic diversity, which is used by breeders to improve this crop. In this study, we used GBS 
methodology to genotype common bean accessions from Northeast Brazil, and to study its population structure and 
genetic diversity. After a filtering process, we identified 30,529 high-quality SNPs distributed in 11 linkage groups. The 
number of SNPs per chromosome ranged from 1,731 to 3,853. The population structure analysis separated the 
accessions into two subpopulations, according to K=2, one subpopulation with 26 Andean and the other with 60 Middle 
American accessions. Considering K=3, Middle American accessions were divided into two subpopulations with 
presence of allele mixture between these two groups. Based on the PCA, we were able to verify a narrow genetic base 
of accessions belonging to the Andean gene pool, as well as a vast genetic diversity among the accessions from the 
Middle American gene pool. The knowledge on the genetic diversity among the accessions is of extreme importance to 
subsidize the common bean breeding programs in Northeast Brazil, and to explore the variability existing in cultivars 
adapted to the specific bioclimatic conditions.  
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1. Introduction

The common bean (Phaseolus vulgaris L.) is the main legume for direct human consumption in the world, especially in 
developing countries in Africa and Latin America, due its great amount of proteins, complex carbohydrates, fiber and 
essential vitamins [1]. Brazil is the largest global producer of dry beans, followed by Mexico and the United States. 
Common bean production in Brazil has been relatively constant at around 3 million metric tons over the years, as 
observed in the production for the 2019/2020 agricultural year, distributed in three different crop seasons, that was 
3.2 million metric tons cultivated in an area of 2.9 million hectares [2]. 

The Northeast region accounts 26.6% of the common bean production in Brazil, yielding around 0.568 t ha−1, which is 
far lower than the national yield of 1.1 t ha−1. In contrast, the Northeast cultivated area extends 1.5 million hectares, 
corresponding to 51% of the total cultivated area in Brazil [2]. Low yields are due in part to the level of technology 
employed, but it is, undoubtedly, more correlated with the impact of droughts, one of the main abiotic factors limiting 
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common bean production worldwide [3, 4]. The Brazilian semi-arid region comprises part of the northeast and the 
north of Minas Gerais, considering only the Brazilian northeast, approximately 64.82% is recognized as a semi-arid land 
[5]. The annual rainfall in this region can fluctuate from 2000 mm to values less than 500 mm in some areas, however 
there is an unfavourable distribution of rainfall through the crop seasons [6]. Future climate projections suggest that 
the occurrence of drought would be more frequent, with increase in temperature and reduction in rainfall [6, 7]. In this 
context, the genetic diversity available in the bean germplasm will play an important role to reduce drought effect on 
the common bean production. Breeding programs can take advantage of the genetic variability existent in local varieties 
to develop more resilient cultivars adapted to the Northeast specific climatic condition. 

Common bean is produced in all Brazilian states, and its cultivation is characterized either by subsistence or high input 
agriculture. The two most cultivated and consumed common bean market classes are Carioca and Black beans [8]. In 
addition, other market classes of beans, such as Favita, Jalo, Rosinha, Mulatinho, and others, have their cultivation 
restricted to smaller areas [9]. The common bean germplasm, especially landraces or traditional cultivars that have 
been cultivated for several years at the same location, present broad phenotypical and genotypical variability, and are 
adapted to specific ecological conditions; they can be also resistant to pests and diseases, characteristics of great 
importance for common bean breeding programs aiming to develop cultivars with enhanced attributes [10]. 

The domestication of the common bean occurred independently in two different regions of the Americas [11, 12, 13, 
14]. Cultivars with small seeds are originally from Central America, from northern Mexico to Colombia, and belong to 
the gene pool known as Middle American. Beans with large seeds belong to the Andean gene pool and are originally 
from South American countries as Peru, Chile, Bolivia, and Argentina [15]. These two major ecogeographic gene pools 
were recognized through different characteristics, such as morphological traits, type of phaseolin (main protein reserve 
in seeds of cultivated and wild beans), variation of mitochondrial DNA [16], isoenzymes and molecular markers [17, 15, 
18]. 

For the common bean breeding program, it is fundamental to establish, preserve and use a germplasm collection of 
traditional or improved cultivars of common beans from both Middle American and Andean gene pools, as 
representatives of the genetic diversity in this crop. Also, an efficient conservation and use of the existing germplasm is 
a crucial prerequisite to decipher the population structure of these accessions, and to build a report on the genetic 
diversity distribution and its relation to the geographical and ecological information about this specific region [12, 19]. 

Molecular biology has largely contributed to develop effective and oriented breeding strategies, allowing predictions of 
relationships among cultivars, identification of promising accessions for hybridization, and identification of duplicates 
[20]. The development of effective and tightly linked molecular markers for several traits of interest also contributes 
for the selection of genotypes through marker-assisted selection (MAS) [21, 22]. Through genotyping-by-sequencing 
(GBS), thousands of single nucleotide polymorphisms (SNPs) are obtained from a group of individuals [23]. The 
identification of SNPs allows to understand the genetic diversity in the germplasm, and it provides a source of variations 
for further association studies of characteristics of interest, and for the selection of bean accessions adapted to specific 
environmental conditions [24]. Therefore, the objective of this study was to evaluate the population structure and 
genetic diversity of common bean accessions from the Northeast region of Brazil, using single nucleotide polymorphism 
(SNP) markers obtained by genotype-by-sequencing (GBS).  

2. Material and methods 

This study was conducted at the Nucleo de Pesquisa Aplicada a Agricultura (Nupagri), at the State University of Maringa 
(UEM), Maringa, Parana, Brazil, and the Laboratory of Plant and Environmental Sciences, at the University of California 
Davis, California, USA. A total of 86 accessions of common beans evaluated in this study are from the Northeast region 
of Brazil (Table 1).  

Among the accessions, 31 belong to the Common Bean Germplasm Bank of the Instituto Agronômico de Pernambuco 
(BAG-Bean-IPA) and 55 accessions are traditional cultivars collected in bean production areas located in 22 
municipalities in the state of Pernambuco, in Northeast Brazil (Table 2). The common bean accessions are from the 
Agreste (n=69), Sertão (n=12), Zona da Mata (n=1), and Metropolitana (n=4) mesoregions of the state of Pernambuco. 
The 86 accessions belong to the market classes Carioca, Black, Mulatinho, or Others. The “Others” market class 
comprises several accessions that belong to different subgroups: White, Jalo, Rosinha, Purple, Jalinho, Red, Rajado, 
Pintado, Enxofre and Pardo. 
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Table 1 Accession codes, common names of common bean accessions, market classes of common bean accessions, 
municipalities where common bean accessions were collected in the Northeast region of Brazil  

Code Common name Market class Gene Pool Municipality 

BL-1 Brígida Carioca MA Recife, PE4 

BL-2 Cocão Others A Recife, PE 

BL-3 Bagajó Others A Poço Verde, SE5 

BL-4 Favita Others A Garanhuns, PE 

BL-5 Canarinho Others A Lajedo, PE 

BL-6 Rosinha claro Others MA Calçado, PE 

BL-7 Chita Fina Verdadeira1 Others A São João, PE 

BL-8 Jaula Others A Garanhuns, PE 

BL-9 Pintado Others A Ibimirim, PE 

BL-10 Balinha Mulatinho MA Lajedo, PE 

BL-11 Praia Others A Poço Verde, SE 

BL-12 Camarão Others A Calçado, PE 

BL-13 BSF-1 Others A BSF1, PE 

BL-14 BSF-2 (Pingo de Ouro) Carioca MA BSF1, PE 

BL-15 BSF-3 (Fogo na Serra) Others A BSF1, PE 

BL-199 Enxofre Others A Lajedo, PE 

BL-18 Africano 4 Others A Recife, PE 

BL-19 IPA 1 Mulatinho MA Recife, PE 

BL-222 Gordo Others A Lajedo, PE 

BL-223 Mulatinho Mulatinho MA Águas Belas, PE 

BL-224 BRS-Marfim Mulatinho MA São João, PE 

BL-25 Jucati 4 Mulatinho MA Jucati, PE 

BL-27 Mulatão Others A Bezerros, PE 

BL-28 Bairosa 2 Mulatinho MA Lajedo, PE 

BL-29 Milagre de Santo Antônio Mulatinho MA Águas Belas, PE 

BL-30 Flor Azul Mulatinho MA Águas Belas, PE 

BL-31 Bico de Ouro Mulatinho MA Águas Belas, PE 

BL-33 HF-465-63-1 Mulatinho MA Caruaru, PE 

BL-34 Laje Mulatinho MA SMT2, PB6 

BL-225 Sempre Assim Others MA Águas Belas, PE 

BL-226 CLPE3 Black MA São João, PE 

BL-227 CLPE4 Black MA São João, PE 

BL-41 CLPE7 Black MA São João, PE 

BL-228 CLPE8 Black MA São João, PE 

BL-C CLPE9 Carioca MA São João, PE 

BL-229 CLPE10 Black MA Caetés, PE 

BL-230 CLPE11 Black MA Jucati, PE 

BL-231 CLPE12 Mulatinho MA São João, PE 

BL-232 CLPE14 Carioca MA São João, PE 

BL-233 CLPE15 Mulatinho MA Caetés, PE 

BL-M CLPE16 Mulatinho MA Arcoverde, PE 

BL-50 CLPE17 Black MA Lajedo, PE 
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BL-234 CLPE21 Black MA Calçado, PE 

BL-57 CLPE25 Black MA Lajedo, PE 

BL-216 CLPE32 Carioca MA SMC3, PE 

BL-O CLPE35 Outros A Arcoverde, PE 

BL-65 CLPE37 Black MA Jucati, PE 

BL-66 CLPE40 Carioca MA Caruaru, PE 

BL-67 CLPE41 Carioca MA SMC3, PE 

BL-68 CLPE43 Mulatinho MA Jupi, PE 

BL-69 CLPE44 Mulatinho MA Arcoverde, PE 

BL-70 CLPE45 Carioca MA Vertente, PE 

BL-71 CLPE47 Mulatinho MA Arcoverde, PE 

BL-72 CLPE50 Others A Arcoverde, PE 

BL-73 CLPE52 Others A Arcoverde, PE 

BL-74 CLPE53 Others A São João, PE 

BL-75 CLPE54 Others A São João, PE 

BL-76 CLPE55 Carioca M São João, PE 

BL-77 CLPE56 Others A São João, PE 

BL-78 CLPE58 Others A São João, PE 

BL-79 CLPE60 Others A São João, PE 

BL-80 CLPE61 Black MA São João, PE 

BL-81 CLPE63 Black MA São João, PE 

BL-82 CLPE65 Carioca MA São João, PE 

BL-83 CLPE66 Black MA Lajedo, PE 

BL-84 CLPE67 Black MA Jucati, PE 

BL-85 CLPE68 Carioca MA Jucati, PE 

BL-86 CLPE69 Black MA Jucati, PE 

BL-87 CLPE74 Carioca MA Arcoverde, PE 

BL-88 CLPE75 Mulatinho MA São João, PE 

BL-89 CLPE79 Mulatinho MA Jupi, PE 

BL-90 CLPE80 Black MA São João, PE 

BL-91 CLPE81 Black MA São João, PE 

BL-92 CLPE87 Mulatinho MA Arcoverde, PE 

BL-93 CLPE88 Others A Casinhas, PE 

BL-94 CLPE85 Others A Lajedo, PE 

BL-95 CLPE90 Black MA Calçados, PE 

BL-96 CLPE91 Mulatinho MA Caruaru, PE 

BL-98 CLPE93 Others A Caruaru, PE 

BL-99 CLPE92 Black MA Caruaru, PE 

BL-100 CLPE89 Mulatinho MA Calçados, PE 

BL-101 CLPE84 Mulatinho MA Riacho das Almas, PE 

BL-102 CLPE94 Black MA São Caitano, PE 

BL-103 CLPE96 Black MA São Caitano, PE 

BL-104 CLPE86 Others MA Surubim, PE 

BL-105 CLPE83 Mulatinho MA SMC3, PE 
1 BSF - Belém do São Francisco; 2 SMT - São Miguel de Taipu; 3 SMC - Santa Maria do Cambucá; 4 PE - Pernambuco; 5 SE - Sergipe; 6 PB - Paraíba 
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Table 2 Geographical description of 22 municipalities in Northeast, Brazil where 86 accessions of common bean 
Phaseolus vulgaris were collected for this study 

Municipality State Latitude (S) Longitude (W) Altitude (masl) Num. Accessions Mesoregion 

Casinhas PE 07°44'28" 35°43'16" 390 1 Agreste 

Surubim PE 07°49'55" 35°45'21" 394 1 Agreste 

SMC 1 PE 07°50'24" 35°54'07" 494 3 Agreste 

Vertente PE 07°54'10" 35°59'16" 401 1 Agreste 

RA 2 PE 08°08'02" 35°51'21" 407 1 Agreste 

Caruaru PE 08°16'58" 35°58'33" 554 5 Agreste 

São Caitano PE 08°19'33" 36°08'34" 552 2 Agreste 

Lajedo PE 08°39'50" 36°19'12" 661 9 Agreste 

Jucati PE 08°42'21" 36°29'20" 820 6 Agreste 

Jupi PE 08°42'43" 36°24'54" 782 2 Agreste 

Calçado PE 08°44'31" 36°20'02" 643 5 Agreste 

Caetés PE 08°46'22" 36°37'22" 849 2 Agreste 

São João PE 08°52'33" 36°22'01" 716 21 Agreste 

Bezerros PE 08°53'24" 36°29'34" 470 1 Agreste 

Garanhuns PE 08°53'25" 36°29'34" 842 2 Agreste 

Águas Belas PE 09°06'39" 37°07'22" 376 5 Agreste 

Poço Verde SE 10°42'28" 38°10'58" 268 2 Agreste 

Recife PE 08°03'14" 34°52'51" 4 4 Metropolit.3 

Arcoverde PE 08°25'15" 37°03'41" 663 8 Sertão 

Ibimirim PE 08°32'26" 37°41 25" 401 1 Sertão 

BSF 4 PE 08°45'28" 38°57'50" 305 3 Sertão 

SMT 5 PB 07°15'00" 35°12'36" 45 1 ZM 6 
1 SMC - Santa Maria do Cambucá; 2 RA - Riacho das Almas; 3 Metropolit. - Metropolitana; 4 BSF - Belém do São Francisco; 5 SMT - São Miguel de Taipu; 

6 ZN - Zona da Mata 

The 86 common bean accessions were genotyped through genotyping-by-sequencing (GBS). The seeds of each accession 
were seeded in plastic trays (48 × 30 × 11 cm) containing peat-based substrate (Humusfértil® Toledo, Parana, Brazil) 
and they were kept in the greenhouse until the plants presented their first trifoliate leaves, which were then collected 
for DNA extraction. The DNA was extracted from freeze-dried leaves using the protocol proposed by Pallotta et al. [25], 
with modifications. The DNA quality was measured using NanoDrop Lite (Thermo Fisher Scientific/Invitrogen, Grand 
Island, NY) and by 1 percent agarose gel electrophoresis. DNA samples were considered to be high quality when the 
absorbance ratio (A260/A280) was higher than 1.8 and when the samples did not show visible degradation in agarose 
gel. Then, the DNA samples were used for subsequent library preparation. Genomic DNA and library adapters 
(Barcodes) were quantified with Qubit dsDNA HS assay kit (Thermo Fisher Scientific/Invitrogen, Grand Island, NY). 

The GBS methodology was used to perform the genotyping of accessions, following the protocol described by Ariani et 
al. [24]. The restriction enzyme used for DNA digestion was CviAII (New England Biolabs, Ipswitch, MA), which 
recognizes the C'ATG site. The genotyping of each accession went through the processes of in silico digestion, 
preparation of libraries and sequencing, as described by Ariani et al. [24]. 

After obtaining the genotyped products, the subsequent steps involved sequencing pre-processing, alignment of 
sequences with the reference genome of P. vulgaris, cultivar G19833, and SNP calling, following the methodology 
described by Ariani et al. [24]. A SNP was selected for further analysis when the following requirements were: minor 
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allele frequency (MAF) > 0.05; minimum quality > 10; and a mean read depth, across all lines, ranging from 5 to 1000 (-
maf 0.05-minQ 10 -min-meanDP 5 -max-meanDP 1000). 

SNPs located in repetitive regions were removed with VCFtools, using the reference genome annotation of P. vulgaris 
version 1.0 available at Phytozome. Only SNPs with DNA coding sequences were used. Accessions that exhibited <10 
percent quality, missing data and heterozygous profile (allele frequency higher than 0.05) were not included in the 
phylogenetic analysis. Finally, an excel file was constructed containing the filtered SNPs extracted from each position 
for each 86-bean accession. The final data set was used for the phylogenetic analysis and to compare the population 
structure and levels of genetic diversity between accessions. 

2.1. Statistical Analysis 

The methodology followed for the phylogenetic analysis was proposed by Ariani et al. [24]. The phylogenetic tree was 
built based on Neighbor-Joining Tree (NJ) clustering methodology, considering the Kimura two-parameter model with 
1000 bootstrap replicates. The phylogenetic analysis was conducted using MEGA7 software [26]. The colour of each 
accession in the Neighbor-Joining Tree was based on the bean market classes Mulatinho, Carioca, Black and Others.  

In order to evaluate the genetic structure of the 86 common bean accessions from Northeast Brazil, we performed the 
classic Bayesian population structure analysis using LEA package, an R package for landscape and ecological association 
studies. Parameters for the population structure analysis included the number of K from 2 to 10 groups and 10 
interactions, as described by Frichot and François [27]. The Delta K parameter used to calculate and define the best 
number of subpopulations was obtained from LEA package. 

The principal component analysis (PCA) was estimated using the default correlation method of TASSEL 5.0 software 
[28]. The values of the first two main components (PC1 and PC2) were used to build a two-dimensional graph containing 
the 86 bean accessions. 

3. Results and discussion 

The sequencing analysis via GBS generated a total of 30,529 SNPs distributed across 11 linkage groups and 5 scaffolds 
of P. vulgaris genome (Table 3). The highly diverse set of bean accessions from Northeast Brazil measured through the 
30,529 SNPs suggests the presence of population structure.  

Table 3 Linkage group, SNPs and number of SNPs (their positions in parentheses) identified for the 86 common bean 
accessions in Pernambuco, obtained with R package LEA (Landscape and Ecological Associations)  

Linkage Group SNPs Number of SNPs (bp position) 

Pv01 3,180 0 (183,346) – 3,179 (52,020,722) 

Pv02 3,853 3,180 (17,813) – 7,032 (48,686,602) 

Pv03 3,760 7,033 (272,759) – 10,792 (52, 272,872) 

Pv04 1,922 10,793 (766,583) – 12,714 (45,037,645) 

Pv05 2,339 12,715 (819,316) – 15,053 (40,643,363) 

Pv06 2,330 15,054 (17,234) – 17,383 (31,956,823) 

Pv07 2,464 17,384 (406,862) – 19,847 (51,743,071) 

Pv08 2,518 19,848 (17,125) – 22,365 (59,493,010) 

Pv09 3,547 22,366 (257,610) – 25,912 (37,392,701) 

Pv10 1,731 25,913 (713,570) – 27,643 (43,187,875) 

Pv11 2,861 27,644 (42,424) – 30,504 (50,209,148) 

SCAFFOLD_12 1 30,505 (1,764) – 30,505 (1,764) 

SCAFFOLD_13 3 30,506 (18,026) – 30,508 (18,065) 

SCAFFOLD_15 7 30,509 (101,126) – 30,515 (228,763) 

SCAFFOLD_17 6 30,516 (3,040) – 30,521 (14,171) 

SCAFFOLD_23 7 30,522 (95,368) – 30,528 (140,660) 

Total of SNPs 30,529  
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According to Delta K=2 the accessions are divided into two subpopulations, representing the respective Andean and 
Middle American gene pools. One subpopulation consisted of 26 accessions belonging to the Andean gene pool and the 
second subpopulation comprises the 60 accessions of the Middle American gene pool (Figure 1). However, we were able 
to observe a mix of alleles between the two gene pools at a small rate, which is a result of the incorporation of alleles of 
the Andean gene pool in Middle American germplasm, as well as alleles of Middle American origin incorporated in 
Andean germplasm. 

Based on these results, we highlight the fact that both Andean and Middle American common beans are being produced 
in the Northeast region of Brazil. Similar results were reported by Burle et al. [29] and Blair et al. [30] in studies 
involving common bean accessions from different regions in Brazil. Evaluating the phaseolin content in bean seeds, 
Burle et al. [29] demonstrated that 79 percent of the studied accessions had “S” phaseolin, from Middle American gene 
pool, and 21 percent had “T” phaseolin, from Andean gene pool, demonstrating that both common bean gene pools are 
being grown in the Brazilian territory. Common beans from the Middle American gene pool are the most cultivated in 
Brazil [31, 32, 29] and correspond to approximately 84 percent of common beans cultivated throughout Latin America 
[33]. 

 

Figure 1 Population structure analysis for 86 common bean accessions from the Northeast region of Brazil, based on 
30,529 SNPs obtained by GBS method. The number of subpopulations range from K=2 to K=3. Population Structure 
analysis was performed with R package LEA (Landscape and Ecological Associations) 

At K=3, we observed the separation of Middle American accessions into two subpopulations, with considerable 
admixture among individuals (Figure 1). This fact reflects a large genetic variability within the Middle American 
germplasm. The Middle American group corresponds to 60 accessions that have small seeds, a characteristic of this 
gene pool, and are mainly represented by the market classes Carioca, Black and Mulatinho. These marker classes are 
broadly cultivated in the Brazilian Northeast region. Burle et al. [29] identified the admixture between accessions from 
Middle American subpopulations and a low frequency of allele introgression between gene pools. However, Blair et al. 
[30] reported considerable admixture between Andean and Middle American gene pools, analysing 362 common bean 
accessions from Brazil. Genetic flow is an important characteristic of the genetic structure, also occurring among 
common bean races, as it was evidenced by Blair et al. [34]. 

The relationship among accessions studied through Principal Component Analysis (PCA), genotyped with 30,529 SNPs, 
revealed the PC1 component separated the accessions between the Andean and Middle American gene pools, due to the 
great diversity observed between them (Figure 2). Principal Component, PC2 provided the identification of diversity 
within the Middle American gene pool, which has greater genetic variability. The first main component explains 90.8 
percent of the variation between accessions and it is responsible for the separation of accessions in Middle American 
and Andean gene pools. The second main component explains 1.2 percent of the total variation. Together, the two main 
components explain 92 percent of the total variation. 
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Figure 2 Representation of the two first Principal Components (PC1 vs. PC2) for 86 accessions of common beans from 
the Northeast region of Brazil, based on 30,529 SNPs. Principal component analysis was estimated with software 

Tassel 5.0 [28] 

Middle American accessions have a high genetic variability in relation to Andean accessions, as shown by the high 
dispersion of points in the two-dimensional plane, corroborating the data reported by Singh et al. [15], Bitocchi et al. 
[12, 13], and Ariani et al. [24]. The lower genetic variability observed within the Andean gene pool could be related to 
the fact that a few samples of Middle American beans were the source of the Andean gene pool [35]. In addition, the 
domestication process of Andean common beans was characterized by a vast reduction in genetic variability [12], which 
can be perceived in the cultivated germplasm. 

 

Figure 3 Neighbor-Joining Tree for 86 common bean accessions from the Northeast region of Brazil, based on 30,529 
SNPs obtained by the GBS method. Neighbor-Joining Tree was constructed using MEGA7 software [26]. The color of 

each accession on the Neighbor-Joining Tree was based on the bean market classes Mulatinho, Carioca, Black and 
Others 

The Neighbor-Joining Tree shows that accessions could be grouped efficiently according to the gene pool and market 
class (Figure 3). The 26 accessions from the Andean pool and previously classified as Other market class, were grouped 
in a main cluster. The Andean accessions have large seeds and are mainly from Enxofre and Favita market classes. 
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Enxofre and Favita beans belong to the Durango or Nova Granada races, which are from the Andean gene pool. The 
Neighbor-Joining Tree also shows that Middle American bean accessions were subdivided into subgroups (Figure 3). 

Two main subgroups were formed, one containing Black bean accessions, and the other predominantly Carioca 
accessions. Mulatinho accessions were divided into two subclusters. Three accessions, BL-6, BL-104, and BL-225, 
belonging to the market classes Rosinha, Rajado and White, respectively, were classified in this study as Others. 
However, these accessions belong to the Middle American gene pool and they were grouped with the Middle American 
accessions in the Neighbor-Joining Tree (Figure 3). 

Most of the common bean accessions cultivated in Northeast Brazil belong to the Middle American gene pool, due to the 
consumer preferences for small Carioca and Black beans. In addition, common bean consumers from Northeast Brazil 
also consume Mulatinho beans, which have historically been present in the daily diet of people living in that area. 
Mulatinho beans are Mesoamerican beans widely cultivated and consumed in the Northeast region of Brazil [30]. 
Typically, the Northeast region has a climate characterized by periods of high temperature and low precipitation, 
therefore, the Mulatinho cultivars demonstrate stability in the environment of the Northeast. 

The knowledge of the genetic variability of common bean accessions cultivated by Northeaster farmers and accessions 
belonging to BAG-Bean-IPA is of great importance for common bean breeding programs for Northeast Brazil. This 
knowledge provides effectiveness and security in P. vulgaris germplasm conservation of Andean and Middle American 
gene pools and it allows the selection of potential combinations between accessions to generate genetic variability to 
develop new varieties. In addition, the data reveals that the accessions kept at BAG-Bean-IPA and by common bean 
producers represent a very diverse set of alleles and genes that could be useful for developing common bean cultivars 
adapted to the Northeast region of Brazil. 

In the state of Pernambuco, for example, the Agreste mesoregion, located between Zona da Mata (wet region) and Sertão 
(dry region) concentrates the largest area of common bean production. The water supply and mild temperatures in the 
Agreste mesoregion provide edaphoclimatic conditions that favor the cultivation of beans. On the other hand, in the 
Zona da Mata and Metropolitana regions the excessive humidity reduces the common bean productive potential, while 
in the Northeastern Sertão, water scarcity is a limiting factor for bean production [4]. It is expected that the common 
beans cultivated in these different biomes show specific adaptive characteristics for the environment where they are 
cultivated, and therefore they could be used as source of alleles for breeding programs to develop cultivars adapted to 
specific environments. 

This is the first report of a study involving common bean accessions from the Northeast region of Brazil and the use of 
SNP markers discovered by genotyping-by-sequencing (GBS) technique. The GBS data will be useful for future studies, 
for association analyses between the genotyped accessions and their relationship with resistance to biotic and abiotic 
factors. The proposal is to increase the knowledge on each accession and provide remarkable information for common 
bean breeding programs in Northeast Brazil. 

4. Conclusion 

The molecular analysis using the GBS technique showed that 86 common bean accessions from Pernambuco belong to 
Middle American and Andean gene pools. Middle American accessions have higher genetic diversity when compared to 
Andean accessions. This technique allowed the identification of 30,529 SNPs distributed in 11 linkage groups of 
common beans. The knowledge on the genetic diversity between these accessions is extremely important to subsidize 
the genetic improvement programs for common beans in the Northeast region of Brazil, allowing to explore the existing 
variability in cultivars already adapted to the climate conditions of the region.  
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