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Abstract

Nicaragua is located in the Mesoamerican diversity centre for common beans (Phaseolus
vulgaris 1.). Yet, there is insufficient knowledge of the molecular characteristics of most
common bean landraces in Nicaragua. The objectives of the present study were to investigate
the genetic diversity of common bean landraces and to identify promising sources of genetic
variation for breeding purposes. Two cultivars and 40 landraces never studied before were
selected from a collection based on the geographic origin, seed coloration and information
provided by farmers. Fourteen microsatellite markers distributed in different linkage groups
were analysed. The study revealed that there is a high genetic diversity (mean 8.9 alleles
per locus). The populations showed structuring into three groups where seed weight had a
strong relationship with population clustering. At least 20% of the populations hold promising
allelic variation and potential for good market acceptance that could be maximized in breeding
programmes. Additionally, four markers revealed a high correlation with seed length, width
and weight, suggesting that marker-assisted selection for these yield-determinant traits could
be straightforward. Nonetheless, more marker—trait associations should be addressed in
order to enforce this practice.
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Introduction

Evidence obtained during recent years suggests that the
common bean (Phaseolus vulgaris L.) was domesticated
in Mesoamerica and the Andes, but its secondary centre
of genetic diversity probably extended to Brazil, China
and Europe (Chacon et al., 2005; Zhang et al., 2008;
Burle et al., 2010; Santalla et al, 2010). After
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domestication, this species has become one of the most
important crop plants in developing countries, as it is an
economical source of important nutritional components
(Santalla et al., 1999).

Nicaragua is located in the Mesoamerican centre of
genetic diversity for Phaseolus species, where a high gen-
etic diversity is expected to prosper in diverse environ-
mental conditions. Some studies have aimed to describe
the genetic diversity content in a small number of
Nicaraguan landraces (Gomez et al., 2004, 2005). How-
ever, most of the genetic diversity remains without any
estimation and is undervalued as a potential source of
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genetic variation. On the other hand, many landraces and
old cultivars that were quite popular some years ago
are in danger to become extinct and some of them,
according to recent expeditions, have already been lost
(Oswalt R. Jiménez, personal observation). Thus, a
proper estimation of the genetic diversity of on-farm
conserved landraces is urgently needed. They have
evolved along with farmers’ preferences, as their subsis-
tence relies on the beans’ good adaptation capacity and
high culinary quality, traits that are appreciated in
national and international markets. Nicaraguan landraces
produce very low yields (Gomez and Frankow-Lindberg,
2005) when compared with improved lines and cultivars,
and this characteristic is the main disadvantage for produ-
cing these beans. However, despite yield being influenced
by the environment, this trait can be improved if proper
levels of genetic variation are present in breeding pro-
grammes (Falconer and Mackay, 1996; Acquaah, 2007).

The main bean cultivars that are produced in Nicaragua
nowadays were improved by regional bean breeding
programmes using germplasm from different sources
(Jiménez, 2009). These programmes produce new
cultivars for the Central American region where the
preferences and environmental conditions vary among
different countries. After validating the promising genetic
material in Nicaraguan conditions, most advanced lines
do not meet the requirements (distinctness, uniformity
and stability) and market acceptance, and only a very few
lines are finally released as new cultivars.

The identification of novel sources of genetic variation
and their use in local breeding programmes can justify
and further enhance the conservation of locally adapted
bean genetic resources in countries where a robust con-
servation strategy is still missing. The objectives of the
present study were to investigate the genetic diversity
of Nicaraguan common bean landraces using microsatel-
lite markers and to identify promising sources of genetic
variation for breeding purposes.

Materials and methods
Germplasm collection and population selection

Between March and May 2010, four expeditions were car-
ried out to different regions of Nicaragua with the aim to
establish a seed bank. When visiting the farms, small
amounts of seeds were requested from the farmers and
passport data were recorded. From the information
obtained, the reasons why farmers prefer and produce
those populations were especially valued in the registers.
We sampled each bean population by taking at least
300 seeds from different bean bags, respectively, in
order to have a representative sample. The amount of
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seeds collected from each population varied from 300
to 1000g (depending on seed availability). The seeds
were cleaned and their physiological qualities were
tested at the National Center of Agricultural Research
and Biotechnology (CNIAB). The 100-seed weights,
among other seed traits, were determined following the
ISTA rules (ISTA, 2004). Seed length and width were
determined as in Blair et al. (2009). The accessions
were then conserved in a cold room (12°C) at the
CNIAB. Geographic origin, diverse seed coloration and
high level of acceptance by farmers were the criteria for
selection. Forty out of 200 bean accessions collected
during the expeditions, including three Tepary bean
(Phaseolus acutifolius A. Gray) populations, were
chosen for this study (Table 1). According to farmers’
statements and an information review, all chosen popu-
lations have never been studied before. Thus, they rep-
resent a novel source of information regarding
Nicaraguan bean genetic resources. Additionally, bree-
der’s seeds from two cultivars, INTA ROJO’ and ‘INTA
FUERTE SEQUIA’, were included as reference
populations.

DNA extraction

DNA extraction from individual seedlings (germinated in
sterile sand), ten randomly sampled individuals per
accession, was carried out at the Biotechnology Labora-
tory at the CNIAB in Nicaragua. The mini-preparation
protocol (Dellaporta et al., 1983) was modified to be
used in common beans. About 15mg of leaf tissue was
taken from each individual and placed into a sterile
Eppendorf tube. Thereafter, 200wl of cold miniprep II
extraction buffer (containing 100 mM Tris—HCI, 50 mM
EDTA, 500mM NaCl and 20mM 2-mercaptoethanol)
was added, and the tissue was macerated and homogen-
ized using a plastic pestle. Then, 26 wl of sodium dodecyl
sulphate (10%) was added and mixed. Subsequently, the
samples were placed into a water bath (65°C) for 10 min.
Then, 120 ul of 3 M potassium acetate was added, and the
samples were incubated on ice for 25min and centri-
fuged at full speed (14,800 for 15min. Then, 200 pl
of the supernatant was removed carefully and placed
into a clean Eppendorf tube avoiding the debris. After-
wards, 120 pl of extra-pure isopropanol was added, and
the samples were kept at —24°C for 30 min and centri-
fuged at full speed (14,800 g) for 15 min. Then, isopropa-
nol was removed, and the pellet was washed twice with
ethanol (70%) and left to dry. The pellet was dissolved in
100 ul of TE (containing 10 mM Tris—HCI, pH 8.0 and
1mM EDTA). Finally, the samples (ten individual DNA
samples per accession, 420 in total) were placed into a
freezer at —24°C.
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Table 1. Forty bean landraces selected from 200 accessions in an ex situ collection, their seed features and origin in

Nicaragua
100-Seed
No. Code Common name Seed coloration weight (g)° Place of origin
1 PV0001 SRC 112 182° Red 15.7 Siuna
2 PV0002 Chile palido (1) Light red 16.8 Yahoya, Siuna
3 PV0003 Chile palido (2) Light red 16.0 Yahoya, Siuna
4 PV0004 Chile palido (3) Light red 21.6 Mongallo, Siuna
5 PV0005 Chile palido (4) Light red 233 Coperna, Siuna
6 PV0006 Rojo palido Light red 23.2 Negro Was, Siuna
7 PV0007 Chile palido (5) Light red 24.1 El Hormigero, Siuna
8 PV0008 Chile palido (6) Light red 17.5 Wanni, Siuna
9 PV0009 Chile palido (7) Light red 17.2 El Hormiguero, Siuna
10 PV0010 Chile palido (8) Light red 19.3 Siuna
11 PV0011 Rojo claro Light red 18.4 Rio Blanco, Matagalpa
12 PV0012 Frijol pinto Red and cream 20.6 Matagalpa
13 PV0013 Chile claro Light red 20.8 Matagalpa
14 PV0014 Frijol cuarentefo (1) Red 19.2 Diria, Granada
15 PV0015 Frijol mono Brown 20.3 Diriomo, Granada
16 PV0016 Canelo” Dark red 20.7 La Florida, Boaco
17 PV0017 Congo Red 21.7 Boaco
18 PV0018 Frijol guaba Dark red 21.7 Muelle de los bueyes
19 PV0019 Sangre de toro Light red 16.6 La Libertad, Chontales
20 PV0020 Chilamatillo Pale reddish 18.9 Nueva Guinea
21 PV0021 Frijol cuarenteno (2) Red 22.6 Santa Lucia, Boaco
22 PV0022 Gualicefio Cream 22.5 Masaya
23 PV0023 Rojo ligero Light red 18.7 El Sauce, Le6n
24 PV0024 Achis negro Dark red 19.7 El Sauce, Ledn
25 PV0025 Rojo seda Light red 21.1 Matagalpa
26 PV0026 Rojo criollo (1) Red 21.1 Jinotega
27 PV0027 Rojo criollo (2) Red 26.7 Matagalpa
28 PV0028 Rojo criollo (3) Red 16.7 Las Flores, Masaya
29 PV0029 Rojo criollo (4) Red 20.5 Rancho Grande, Matagalpa
30 PV0030 Rojo criollo (5) Red 19.0 Wiwili, Jinotega
31 PV0031 Rojo criollo (6) Red 22.4 Condega, Esteli
32 PV0032 Rojo criollo (7) Red 233 Condega, Esteli
33 PV0033 Rojo criollo (8) Red 20.3 Condega, Esteli
34 PV0034 Rojo criollo (9) Light red 16.6 Santa Teresa, Carazo
35 PV0035 Rojo criollo (10) Light red 13.5 Santa Teresa, Carazo
36 PV0036 Rojo criollo (11) Red 14.8 La Conquista, Carazo
37 PV0037 Frijol pinto® Cream and red 36.7 Condega, Esteli
38 PA0O0O1 Frijol blanco (1) White 12.6 Masaya
39 PA0002 Frijol blanco () White 12.1 Belén, Rivas
40 PA0003 Frijol pinto® Black and white 12.0 Belén, Rivas

?The highest 100-seed weights were found in cultivars ’INTA ROJO’ (24.5g) and ‘INTA FUERTE SEQUIA" (27.3 g). Seed
lengths and widths averaged 1.04 and 0.61 cm, respectively. ® Apparently an old cultivar. € Possibly a species different from

Phaseolus vulgaris L. 9 Tepary bean (Phaseolus acutifolius A. Gray).

Microsatellite genotyping

Microsatellite genotyping was carried out in the labora-
tory of the Department of Agricultural Sciences, Univer-
sity of Helsinki, Finland. The following 14 microsatellite
markers were selected for this study: BM205, AGI,
BM154, BM156, BM184, BM189, BM210, BM212, BM114
(Gaitan et al., 2002), PVag001, PVag004 (Yu et al,
2000), BMdS8, BMdS3 (Blair et al., 2003) and ATA10
(Blair et al., 2008). The marker selection was mainly
based on the high level of polymorphisms reported in
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previous studies and the markers’ wide distribution in
the common bean genome. Also, these markers have
been associated with important QTLs (Quantitative trait
locD for yield components when assayed in materials
from different genetic backgrounds (Blair et al., 2006b,
2009, 2010; Rodrigues et al., 2007; Pereira et al., 2008;
Torga et al., 2010).

Polymerase chain reactions (PCRs) were carried out in
10 pl volumes by mixing the following components: 1 wl
of 10 X buffer, 0.2l of dNTPs (10mM each), 6 ul of
MQ water (Millipore Quality water), 1l of each primer
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(5 pmol, forward primers fluorescently labelled with FAM
(6-carboxyfluorescein), TET (Tetrachlorofluorescein) or
HEX (Hexachlorofluorescein) labels), 0.3 pl of DNA poly-
merase (Dynazyme, 2U/pD and 0.5pl DNA template
(about 30ng). The PCRs were carried out as
follows: DNA denaturation at 94°C for 4min followed
by 30 cycles of denaturation at 94°C for 45s, annealing
at 46—58°C (depending on the primer pair) for 45s, and
elongation at 72°C for 1min, with a final elongation at
72°C for 10 min. After amplification, the PCR products
were diluted with MQ water at the 1:200 ratio. Of this sol-
ution, 0.5 pl of each PCR product was mixed with 20 pl of
HiDi-formamide and 0.15 pl of size standard (GeneScan
500 ROX). After mixing, the samples were denatured
for 5min at 95°C. Finally, DNA fragments were analysed
using a capillary electrophoresis system (3730 DNA Ana-
lyzer; Applied Biosystems) in the Sequencing Laboratory
of the Institute of Biotechnology, University of Helsinki,
Finland. The allele sizes were determined using the soft-
ware Peak Scanner version 1.0 (Applied Biosystems).

Statistical analyses

For all populations, the distribution of genetic variation
was revealed by an analysis of molecular variance
(AMOVA), and the observed and expected heterozygos-
ities (Hops and Heyp,) were determined using the software
Arlequin version 3.5.1.2 (Excoffier and Lischer, 2010).
Genetic diversity parameters were estimated for a set of
populations (total number of alleles, alleles per locus,
number of genotypes and F5 index), and allele frequen-
cies were calculated and compared using Fisher’s exact
test with software Genepop version 4.1 (Rousset, 2008).
To estimate pairwise differences among populations,
Fsr values were calculated using the software Arlequin
version 3.5.1.2 (Excoffier and Lischer, 2010). Then, the
pairwise matrix was clustered by the unweighted pair
group method of arithmetic averages (UPGMA), and the
phylogenetic tree was plotted using the software MEGA
version 5.1 (Tamura et al., 2011).

Subsequently, we conducted a Bayesian analysis of
population structure with the software Structure version
2.3.3 (Pritchard et al., 2000). We applied an admixture
and correlated allele frequencies model where individuals
may have mixed ancestry and allele frequency at each
locus is correlated along the populations. To determine
the number of clusters (K value), we first tested a continu-
ous series of Ks (1-12) in five independent runs for each
Kvalue, with a length of burn-in period of 10,000 iterations
followed by 100,000 MCMC (Markov chain Monte Carlo)
iterations. The five log-likelihood values for each K were
then charted to infer the K values around a plateau of
the likelihood values. The identified candidate K values
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were further tested in ten independent runs for each K
with a burn-in period of 100,000 iterations followed by
1,000,000 iterations. The most likely K value was deter-
mined by analysing AK values using the method proposed
by Evanno et al. (2005). Populations with a proportion of
membership less than 0.8 were considered putative
hybrids (Santalla et al., 2010).

Additionally, considering that seed features (length,
width and weight) are the only quantitative traits avail-
able from the collection, we implemented a germplasm-
regression-combined marker—trait association to test
specific genotype associations with these traits as pro-
posed in Ruan et al. (2009) and Ruan (2010). The
Tepary bean accessions and the population PV0037
were excluded from these analyses, because the former
represents another species and the latter possibly belongs
to a different genetic background (based on seed fea-
tures). Basically, quantitative traits, seed length, width
and weight, were treated as dependent variables as
implemented by Virk et al. (1996). All microsatellite gen-
otypes were scored into a binary dataset (1 for presence
or 0 for absence) and then considered as independent
variables. Stepwise multiple regression analysis (MRA)
was based on the following model:

Y =a+ bymy + bymy+,....bym;,....bym, +d+e,

where Y represents quantitative traits; m; represents
marker genotypes; b; represents partial regression coeffi-
cients that specify empirical relationships between Y and
my; d represents population residuals; and e is the
random error of Y that includes environmental variation
(Virk et al., 1996). F values with P values between
0.045 and 0.099 were employed to enter and remove
independent variables from the regression equation,
respectively (Ruan et al., 2009; Ruan, 2010). R? denotes
the coefficient of determination. Multiple regression ana-
lyses were carried out using the software SPSS version
16.0 (SPSS, Chicago, IL, USA; http://www.spss.com).
After the regression analyses, the selected marker geno-
types were tested with linear curve fitting using linear
models to confirm the significance of Beta statistics (3)
for each genotype identified by the MRA.

Results
Allelic and genotypic diversity

The microsatellite markers produced good PCR products,
except for the loci BM205 and ATA10 that did not pro-
duce any PCR product in Tepary bean accessions. The
loci BM205 and PVag004 produced a multi-banding pat-
tern (two and between four and six DNA fragments,
respectively). As the locus PVag004 produced a complex


https://doi.org/10.1017/S1479262112000081

112

banding pattern, it was excluded from the genetic
analyses. One of the amplified fragments produced by
the locus BM205 was monomorphic in the whole array
of populations and, consequently, also excluded from
the data analyses. AMOVA showed that most genetic vari-
ation (64.3%) was present among the populations, while
35.7% of the variation occurred within them. The thirteen
microsatellite markers revealed 115 different alleles in
total. The average of alleles per locus was 8.9, ranging
from 2 (BMd53) to 27 (BM154). A total of 134 genotypes
in all populations were identified (Table 2). The highest
number of genotypes was displayed at the locus BM154
(29 genotypes). The locus PVag004 producing multi-
banding patterns amplified ten different DNA fragments
(96, 98, 104, 198, 200, 202, 204, 238, 240 and 242bp).
When the allele frequencies of all populations were com-
pared, Fisher's exact test revealed highly significant
differences in frequencies at all loci (£ = 0.000). Once
the average H.., and H,, values were contrasted, it
was evident that the observed heterozygosities were
very low (0.034) compared with the expected heterozyg-
osities (0.423). The average Fsr value was 0.625 and the
Fs value was estimated to be 0.914. Overall, when the
number of alleles detected in this study was compared
with the results obtained when the markers were
reported for the first time, five out of 13 markers dis-
played a higher number of alleles (Table 2).

When populations were assessed individually, landraces
PV0006, PV0013, PV0028, PV0023 and PV0024 were found
to possess the highest amount of allelic variation, exclud-
ing Tepary bean populations and PV0037, ranging from
27 to 31 alleles (mean 2.4 alleles per polymorphic locus).
When the four most polymorphic markers (BM156,
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BM154, BM184 and BM114) were scored, populations
PV0006, PV0013, PV0023, PV0024 and PV0027 averaged
from three to four alleles per locus. On the other hand,
landraces PV0005, PV0031 and PV0035 proved unrelated
to other populations, i.e. they possessed allele combi-
nations not shared with other populations.

Genetic structure

The UPGMA tree derived from the pairwise Fsp values
showed that there is moderate genetic differentiation
among the populations. The Tepary bean populations,
PA0001, PAO003 and PA0002, were clearly plotted as
an outgroup in the tree. In the same way, the popu-
lation PV0037 displayed a different microsatellite profile
when compared with the other populations (Fig. 1.
The genetic distances suggest that the landrace
PV0006 is closely related to the cultivar INTA FUERTE
SEQUIA’. In general, the phylogenetic clustering of
the whole set of populations does not reflect the
origin of the populations, as populations from different
agroecological regions could be located in the same
phylogenetic branch of the tree.

The Bayesian analyses confirmed the phylogenetic tree
clustering, capturing most of the genetic diversity into
three groups (K= 3). The cluster membership was
assigned as follows: cluster 1 involved Tepary bean
populations (PA0001, PA0002 and PA0003) and the popu-
lation PV0037. Clusters 2 and 3 contained common bean
populations, 15 out of 38 populations belong to cluster 1
(39.5%) and 23 out of 38 to cluster 3 (60.5%). Cluster 2
comprised a slightly higher allelic diversity (on average

Table 2. Summary of allele and genotype data obtained from the 14 microsatellite
loci in 42 bean populations
Number
Allelic Number of alleles Number

Marker Linkage group  range (bp)  of alleles  reported®  of genotypes
BM205 b11 131-300 5 7 8

AGT b03 134-354 4 8 5
BM156 b02 206-274 11 10 14
BMd8 b04 174-178 3 3 4
BM212 b10 196-228 7 7 8
BM189 b08 102-110 5 8 8
BM154 b09 206-284 27 8 29
BM210 b07 143-189 10 12 11
BM184 b11 149-349 12 6 14
ATAT0 b06 104-300 7 5 7
PVag001 b11 136-278 10 2 11
PVag004” b04 96242 - - -
BM114 b09 224-370 13 8 14
BMd53 b05 103-106 2 5 2

2 Alleles reported in Yu et al. (2000), Gaitan et al. (2002) and Blair et al. (2003).
b Complex banding pattern, thus excluded from the analyses.
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PV0023
PV0036
PV0010
PV0008
PV0019
PV0013
PV0001
PV0025
PV0030
PV0002
PV0011
PV0033
PV0003
PV0027
PV0009
PV0020
PV0028
PV0034
PV0021
PV0032
PV0015
PV0016
PV0012
PV0024
PV0004
PV0029
PV0026
PV0017
PV0018
PV0035
PV0031
“\— PV0007
PV0006
IFS
PV0014
PV0022
IR
PV0005
PV0037 [
PA0002
PA0001
PA0003

Cluster 3
Populations
with an average
of 18.4 g/100
seeds

T

AN A7

Cluster 2
Populations
with an average
of 22.7 g/100
seeds

~ | Cluster 1

Tepary bean
populations and
landrace PV0037

] [ ] i

0.4 0.3 0.2 0.1 0.0
Genetic distances

Fig. 1. UPGMA tree describing the genetic relatedness among the 40 common bean landraces and two cultivars
from Nicaragua (left), and estimated population structure (K= 3) sorted by the membership coefficient (Q value) in
correspondence to phylogenetic inference (right). Cluster 1 contains Phaseolus acutifolius populations and landrace
PV0037, cluster 2 contains populations with relatively large seeds and cluster 3 contains populations with relatively small
seeds on average. IR = ‘INTA ROJO’; IFS = ‘INTA FUERTE SEQUIA'. A colour version of this figure can be found online at
http://www.journals.cambridge.org/pgr.
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22.5 alleles per population across the 13 loci) compared
with cluster 3 (21.4 alleles). Most genetic variation in
these clusters is ascribed to within-population variation
(69.7%) with a Fsp value of 0.321, as revealed by
AMOVA. Cluster 2 included two reference cultivars,
‘INTA ROJO’, INTA FUERTE SEQUIA’ and the landraces

PV0004, PV0005, PV0006, PV0007, PV0016, PV0017,
PV0018, PV0021, PV0024, PV0026, PV0027, PV0029 and
PV0031. Finally, cluster 3 encompassed landraces
PV0001, PV0002, PV0003, PV000S, PV0009, PV0010,
PV0011, PV0012, PV0013, PV0014, PV0015, PV0019,
PV0020, PV0022, PV0023, PV0025, PV0028, PV0030,

PV0032, PV0033, PV0034, PV0035 and PV0036 (Fig. 1).
The populations PV0015, PV0020, PV0024, PV0028,
PV0030, PV0034 and PV0036 possessed a coefficient of
membership less than 0.8 and were considered as
hybrid populations under admixture structure. The pro-
portion of non-hybrid populations was 83.3%. As
common bean populations were inferred into two clus-
ters, we conducted an AMOVA omitting populations
from cluster 1. These results showed that 47.7% of the
variation represents within-population variation and
53.3% among-population variation.

Association of microsatellite markers with seed
features

Stepwise MRA was conducted to outline the correlation
of 107 microsatellite genotypes with the seed length,
width and weight of 38 common bean populations.
Three stepwise runs were programmed in order to get
the best independent variables that explain the variation.
After discarding unsuitable and hybrid genotypes, six
alleles from four microsatellite markers (BM205, AGI,
BM156 and PVag001) explained most of the phenotypic
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variation (Table 3). The associations of alleles with seed
weight were also tested with a curve-fitting programme,
which confirmed a linear relationship.

For seed length, allele 738 from the marker AG1
(called as AG1;3g), allele 224 from the marker BM156
(called as BM156,,,) and allele 278 from the marker
PVag001 (called as PVag001,,¢) showed a correlation
with seed length (Table 3). Genotypes AGl;3s and
PVag001,-5 showed negative correlations and genotype
BM156,,; showed a positive correlation. Genotype
PVag001,-5 showed the highest (R* = 0.214) significant
(P =0.003, t = —3.133) correlation with a high standar-
dized B value of —0.403. When the genotypes
BM156,,, and AG1 ;3¢ were added to the model, the cor-
relation increased (R* = 0.339 and 0.423, respectively).
For seed width, only allele 222 from the marker BM156
(called as BM156,,,) showed a positive (R* = 0.175) sig-
nificant (P = 0.009, ¢ = 2.767) correlation with this trait,
with a standardized B value of 0.419.

For seed weight, two alleles from the marker BM205,
alleles 737 and 133 (called BM205,3;, and BM205,33)
showed significant correlations with seed weight (Table
3; Fig. 2). The genotype BM205;3; showed the greatest
(R*=0.340) highly significant (P=0.000, t= 4.304)
positive correlation with seed weight. The standardized
B coefficient was also high (0.583). When both genotypes
were included in the model, the correlation increased
(R*=0.429). Information concerning correlations,
regressions and ANOVAs for these four markers is pre-
sented in Table 3.

Discussion

In the present study, we investigated the genetic diversity
of 40 common bean landraces from Nicaragua and two

Table 3. Results of stepwise multiple regression analyses conducted for microsatellite genotypes associated with seed
features
Stepwise MRA ANOVA
Microsatellite
Trait® Correlation genotype” R?¢  R?change’ Fchange® Pvalue of Fchange Fvalue Pvalue
Seed length  Negative PVag001,74 0.214 0.214 9.817 0.003 9.817  0.003
Positive BM156,,4 0.339 0.125 6.614 0.015 8.981 0.001
Negative AG1 35 0.423 0.084 4.924 0.033 8.300  0.000
Seed width Positive BM156,,, 0.175 0.175 7.655 0.009 7.655 0.009
Seed weight  Positive BM2053; 0.340 0.340 18.527 0.000 18.527 0.000
Negative BM2053; 0.429 0.089 5.445 0.025 13.130  0.000

MRA, multiple regression analysis.

aWithin each trait, different parameters were estimated when genotypes were included in succeeding MRA steps. ° Sub-
scripts correspond to fragment sizes (bp) for each locus. © R? is the coefficient of determination, which expresses the amount
of variation explained by the independent variable. 9 R? change is the change in R? statistics. ¢ F change is the change in F
statistic that are produced when an independent variable is added or deleted.
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cultivars using microsatellite markers, and identified
promising populations for breeding purposes. The
detected level of genetic variation (mean 8.9 alleles per
locus) was higher than that previously reported for
small red-seeded landraces (the same market class as stu-
died here) in Nicaragua, 5.7 and 4.3 alleles per locus
(Gomez et al., 2004, 2005), and higher than that reported
in most other studies on common beans where microsa-
tellite markers have been used (Blair et al., 2006a; Diaz
and Blair, 2006; Benchimol et al., 2007; Zhang et al.,
2008; Diaz et al., 2010; Santalla et al., 2010; Cabral
et al., 2011; Garcia et al., 2011; Avila et al., 2012).
Typically, lower levels of genetic variation have been
detected in common bean populations when compared
with other self-pollinated species (Santalla et al., 2010).
A very high degree of genetic diversity has been discov-
ered by Blair et al. (2009), on average 18.4 alleles per
locus. However, this study was conducted on a core col-
lection holding accessions from different species, centres
of origin and races. In more standard microsatellite com-
parisons, averages ranging from 2.8 to 7.8 have been
found (Blair et al., 2006a; Diaz and Blair, 2006; Benchi-
mol et al., 2007; Zhang et al., 2008). Thus, it is reasonable
to suggest that the bean populations studied here contain
a high amount of genetic variation. Additionally, the level
of genetic variation detected for five markers (BM156,
BM154, BM184, PVag001 and BM114) exceeds that
reported for these markers in previous literature (Yu
et al., 2000; Gaitan et al., 2002).

On the other hand, the locus PVag004, presumably
associated with the arcelin, phytohaemagglutinin and o-
amylase inhibitor gene family, exhibited a multi-banding
pattern and, consequently, was excluded from the ana-
lyses. However, itsalleles 7184, 195 and 207 bp, presumably
associated with resistance to bruchids (Zabrotes subfascia-
tus (Boheman) and Acanthoscelides obtectus (Say)) and
previously found in advanced bean lines of a Mesoameri-
can origin (Blair et al., 2010a), were not discovered in this
study. This finding supports the general idea that there is
no resistance for bruchids in most of the landraces and
old cultivars produced in Nicaragua. Alleles for bruchid
resistance may remain in wild relatives, which have not
been subjected to domestication processes.

Populations PV0006, PV0013, PV0020, PV0021, PV0023,
PV0024, PV0027, PV0029 and PV0031, in addition to
having a high level of allelic variation, are classified in
national and international markets as ‘rojo chile’ or ‘rojo
nacional because of their good culinary quality and
light red seed coloration of some of these populations
(similar to colours 2.5R4/10, 5R3/8 and 5R3/10 in the
Munsell colour charts for plant tissue, 1977). Thus, there
are sufficient arguments to suggest that at least 20% of
the landraces presented here are promising sources of
variation and also have a high market potential.
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There was a good correspondence between the gen-
etic clustering pattern displayed in the UPGMA tree and
the grouping by structure analysis, even though they
use different genetic parameters to infer population struc-
tures. Structure analysis is a Bayesian model-based
method that uses genotypes from unlinked markers,
demonstrating the presence of a population structure,
identifying distinct genetic populations, assigning indi-
viduals to populations, and identifying migrants and
admixed individuals (Pritchard et al., 2000). In contrast,
the UPGMA tree was inferred based on pairwise genetic
distances among populations (Tamura et al, 2011).
Nonetheless, both approaches brought similar results
for genetic clustering. Only six out of 42 populations mis-
matched these two clustering proposals (PV0014,
PV0016, PV0021, PV0022, PV0027 and PV0035).

The number of clusters detected in the structure anal-
ysis was less than expected (K = 3). Basically, common
bean populations were structured into two main
groups. AMOVA analysis omitting populations from
cluster 1 showed that the within-population variation
is 47.7%, i.e. about half of the variation represents
the variation among populations within clusters. The
geographic origin of these landraces was a criterion
for selection in this study. We tried to cover most
Nicaraguan regions where bean production takes
place. However, the region of origin does not influence
the genetic structure, as populations from different
agroecological regions can be found in the same
cluster. On the contrary, other studies have found a
good congruence between the genetic structure and
geographic location (Santalla et al., 2010). In addition,
it was surprising that concerning seed weights, eight
out the ten populations with the biggest seeds were
plotted into cluster 2 and the ten populations with
the smallest seeds were plotted into cluster 3. This
tendency proposes that seed weights are connected with
the population structure. Such marker—trait relationship
agrees with other studies that have found that seed
weight is the main factor influencing the genetic structure
(Diaz and Blair, 2006; Santalla er al., 2010).

Farmers who perform on-farm conservation modify
the genetic structure of landraces by selection in
response to their preferences and interests (Negri and
Tiranti, 2010). Similarly, when African landraces (intro-
duced from Mesoamerican and Andean centres) were
analysed, there were clues to ascribe many changes
in genetic structure to farming conditions and prefer-
ences for specific types of beans, expressed in seed
sizes and colours (Asfaw et al., 2009; Blair et al.,
2010b). Under the perspective that seed weight is a
trait related to quality of sowing material and particular
food preferences, it is a trait probably affected strongly
by Nicaraguan farmers’ selection.
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Another interesting observation was obtained from
marker BM114. This marker possessed 13 different
alleles in total, the same number found by Blair et al.
(2006a) when working on almost the same number of
populations (43). The allele 248 bp had a frequency
above 0.8 exclusively in the populations with a
known shorter period of time to start flowering.
These populations are quite popular among Nicaraguan
farmers and they are called ‘frijoles cuarentenos’, the
name suggesting that the populations start to flower
earlier than improved cultivars. Precisely, this marker
was also previously associated with QTLs for days to
flowering in populations mapped by Blair et al
(2006b).

Finally, the structure inference and the genetic par-
ameters estimated from the studied populations suggest
that most genetic diversity described for common bean
landraces could be more efficiently captured by selecting
a few numbers of populations in equal numbers from
both clusters using an appropriate number of individuals.
MRA showed that genotypes AGl;35, BMI156..4
BM156.,,,, PVag00l,7 BM205;3; and BM205;3; are
correlated with seed features (seed length, width and
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0.7 1

0.6 A
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weight). The first two traits influence the final seed
weight. As an example, when five populations with big-
gest seeds and five populations with smallest seeds are
plotted, it is noticeable that the model based on genotype
BM205,3; explains a good proportion of the observed
variation (Fig. 2). An increase in the frequency of this
genotype predicts gains in seed weights. Markers AG1,
BM205 and BM156 have been previously mapped in
Mesoamerican populations and highly significant associ-
ations with QTLs for seed weight have been found
(P < 0.001; Blair et al., 2006b, 2009). In the same way,
marker BM156 has been reported to be associated with
high grain productivity when identifying QTLs for high
yield in beans of the type Carioca (Rodrigues et al.,
2007; Pereira et al., 2008; Torga et al., 2010).

Similar approaches to reveal germplasm-regression-
combined marker—trait associations as used here have
been reported with successful results in many other
species and traits, such as rice (Oryza sativa L.), alfalfa
(Medicago sativa), oat (Avena sativa L.) and sea buck-
thorn (Hippophae L.) (Virk et al., 1996; Maureira-Butler
et al., 2007; Achleitner et al., 2008; Ruan et al., 2009).
The validation of the linkage between important traits
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Fig. 2. Regression (P = 0.000) plotted for seed weight and the frequency of the microsatellite genotype BM205,3; in 38 com-
mon bean populations (see Table 1 for population information). Black squares represent the five populations possessing the
smallest seeds (36, 35, 1, 3 and 19), and grey squares represent the five populations with the largest seeds (38, 37, 27, 7
and 5). IR = “INTA ROJO’; IFS = INTA FUERTE SEQUIA'.
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and molecular markers is crucial not only for plant breed-
ing proposes, but also for the characterization of poten-
tial germplasm. The high correlations found in this
study in common beans suggest that four of the markers
examined here could be important for marker-assisted
selection for seed weight in segregating populations
derived from our collection. Of course, it is necessary
to test a higher number of markers and to include
additional quantitative traits (pods per plant, seeds per
pod, seeds per plant, for instance) in order to have a
better estimation of breeding potential. Yet, an analysis
of the available trait and marker information could be
advantageous before performing extensive phenotypic
testing. Seed weight is an important yield-determinant
component in common beans (White and Izquierdo,
1991; Dalla-Corte et al., 2010). Even though there are
many factors influencing the yield, a high diversity in
seed weight is an important indicator to consider when
selecting potential genetic variation.

In conclusion, there is promising genetic diversity in the
common bean collection described in this study. This gen-
etic variation is higher than that reported in most previous
studies, which highlights the importance to conserve these
materials. A special attention should be paid to those
diverse populations that are attractive in national and inter-
national markets and are present in both discovered clus-
ters. This diversity could be maximized in breeding
programmes as long as this molecular information is
included as criteria for germplasm selection. The signifi-
cant correlation of four microsatellite markers with seed
features suggests that marker-assisted selection for these
quantitative traits could be straightforward. Yet, additional
marker—trait associations with other yield components
should be addressed in order to enforce this practice.
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