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ABSTRACT - This study aimed to validate the artificial hybridization without emasculation in lima beans,
identifying F; generation using microsatellite markers (SSR). We used four accessions from the Active
Germplasm Bank of Phaseolus, Universidade Federal do Piaui (BGP-UFPI), with contrasting growth habits
and days-to-maturity traits. The 241 crosses performed had a percentage of hybrid pods of 5.8%, obtaining 42
seeds in F;. Artificial cross-fertilization was confirmed by microsatellite markers (BM 211, BM 141, BM 154,
and GAT 591), and four plants were identified as hybrids. Thus, the proposed method is effective in performing
artificial crosses for lima beans.

Keywords: Artificial crosses. Friction method. Microsatellite marker.
HIBRIDACAO ARTIFICIAL SEM EMASCULACAO EM FEIJAO-FAVA (Phaseolus lunatus L.)

RESUMO - Este estudo teve como objetivo validar a hibridagdo artificial sem emasculagdo em feijao-fava,
identificando a geragdo de F1 utilizando marcadores de microssatélites (SSR). Foram utilizados quatro
gendtipos do Banco Ativo de Germoplasma de Phaseolus da Universidade Federal do Piaui (BGP-UFPI), com
habitos de crescimento e maturidade contrastantes. Os 241 cruzamentos realizados apresentaram percentual de
vagens hibridas de 5,8%, obtendo 42 sementes na F1. O cruzamento artificial foi confirmado pelos marcadores
microsatélites (BM 211, BM 141, BM 154 ¢ GAT 591), e quatro plantas foram identificadas como hibridas.
Assim, o método proposto ¢ eficaz na realiza¢do de cruzamentos artificiais em feijoes-fava.

Palavras-chave: Cruzamentos artificiais. Método de fric¢do. Marcadores Microssatélites.
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INTRODUCTION

Lima bean (Phaseolus lunatus L.) is the
second most important socioeconomic species of the
genus Phaseolus (ORMENO ORRILLO et al.,
2015). In Brazil, it is used as a food source in the
form of green or ripe grains, besides being an income
option for small producers (GRANJA et al., 2019).
The states of Ceara, Pernambuco, Paraiba,
Maranhdo, Rio Grande do Norte, Piaui, Sergipe,
Alagoas, and Bahia, in descending order, are the
largest producers, and together make the Northeast
the largest producing region, with 18,882.36 tons of
grain (IBGE, 2018). The cultivation in the Northeast
has been evolving with the use of new technologies
and cultivation in larger areas. However, it still
occurs in a rustic way since there is no availability of
improved cultivars, due to the lack of an adequate
hybridization method, which hinders a breeding
program. Furthermore, data on its floral biology and
pollination are limited and, in Brazil, there are
practically no studies on these themes (PENHA et
al., 2017).

The lack of improved cultivars for growing
regions in Brazil justifies the used of artificial
hybridization methods to take advantage of genetic
variability within the species. Hybridization without
emasculation in lima beans is crucial if compared to
other species such as Phaseolus vulgaris, in which
emasculation is performed, as it has small floral buds
(up to 7.56 mm). Moreover, the aggressiveness of
this technique can damage structures of the floral
bud, especially the stigma, causing failure of the
hybridization (SILVA et al., 2016, ANTUNES et al.,
2010).

Confirmation of cross-fertilization is crucial
in validating a hybridization method. For this
purpose, microsatellite molecular markers have been
useful tools since they are independent of
environmental effects and plant physiological stage,
allowing early and accurate identification of
individuals with a better combination of favorable
alleles (PENHA et al., 2017). For the species,
Phaseolus lunatus, SSR markers are efficient in
differentiating many populations and their clustering
patterns, gene flow, phylogenetic analysis, as well as
research on domestication and dispersal of the
species (MARTINEZ-CASTILLO et al., 2014;
FELIX; = COELLO-COELLO; = MARTINEZ-
CASTILLO, 2014; PENHA et al., 2017; RUIZ-GIL,
etal., 2016).

Thus, this study aimed to validate the method
of making artificial crosses without emasculation in
lima beans, with confirmation of hybridization
through microsatellite markers.

MATERIALS AND METHODS

The experiment was conducted under
Sombrite® protective screen with 40% shading
intensity, in the Plant Science Department of the
Universidade Federal do Piaui (UFPI), in the city of
Teresina, Piaui State, Brazil. The area is located at
74.4 m altitude, with mean geographic coordinates of
05° 5’ S and 42° 49’ W, and mean annual rainfall of
1350 mm.

Four accessions from the Active Germplasm
Bank of Phaseolus, Universidade Federal do Piaui
(BGP - UFPI), were used as parents, which
contrasted mainly in growth habits and days-to-
maturity traits. The accessions UFPI 628 and UFPI
728 have determinate growth habit and early
maturity, while UFPI 666 and UFPI 465 have
indeterminate growth habit and a late-cycle (SOUSA
etal., 2015).

Seeds were sown in 24 15-L pots, constituted
by six pots per genotype, at 34-day intervals between
accessions with determinate (early maturity) and
indeterminate (late cycle) habits. Two seeds were
sown per pot in a substrate composed of soil and
goat manure (2: 1). A thermo-hygrometer, Minipa
MT-241, was installed on the protective screen to
record temperature and humidity conditions
throughout the crossing period.

To determine flowering time, 30 flower buds
among 12 plants were marked at random with
colored ribbons and directly observed at one-hour
intervals in the morning and the afternoon
(RANGEL JUNIOR et al, 2018). During the
morning, the plants were observed from 7:00 to
11:00, and in the afternoon, from 1:00 to 6:00, with
the number of open flowers being recorded. The
student's #-test was applied to test the null hypothesis
of equality between the mean values of open flowers
in both periods, adopting a confidence interval of
95% (p < 0.05%). This information is fundamental to
determine the suitable period for performing
artificial crosses.

Artificial hybridizations were performed
according to Bliss (1980) and included the following
steps. a) The bud to be used as pollen receptor
(female parent) was chosen and had to be adult and
fully closed to ensure sufficient maturity to receive
pollen and develop seeds, ruling out the risk of self-
pollination. b) The ideal bud selected (mature and in
pre-anthesis) was open with the aid of tweezers,
cutting the petals surrounding the male and female
organs on the concave side of the flower bud, and
lightly pressing the base of the flower ovary to
expose the stigma without damaging so that pollen
grains from the male parent could be received. ¢) A
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freshly-opened flower from the male parent was
selected, from which the perianth was detached, and
then the base of its ovary pressed so that the stigma
with pollen was exposed. This was made because the
flower was beginning to self-pollinate, that is, the
anther had released pollen grains to the stigma, but
they had not yet been induced to the pollen tube and
were concentrated at the tip of the stigma. d) The
pollen-donating stigma was collected and then

placed within the receptor stigma to receive the
pollen grains from the other parent and induce them
to the pollen tube, thus inducing cross-fertilization.
e) Finally, adhesive tape was placed around the
flower for protection, and a tag was placed on the
peduncle of the inflorescence with the name of the
female and male parents, respectively, as well as the
date of pollination and initials of the person who
performed the cross-pollination (Figure 1).

Figure 1. Parent preparation for artificial crossing using the friction method. a) a mature, hooded flower bud chosen to be a
female parent. b) freshly-opened flower selected as the male parent, from which the perianth was detached, and then the
base of its ovary was pressed to expose the pollen grains. ¢) Standard, wing and keel petal removal to collect the mature
pollen. d) flower bud showing the stigma after the incision of mature pollen grains in the female parent. e) tape around the
flower for protection and tag on the peduncle of the inflorescence for identification. f) pod formed after artificial crossing.

From April to July of 2015, 241 crosses were
performed from 8:00 to 11:00 a.m. and from 4:00 to
6:00 p.m., according to the time established as
having a greater frequency of flower anthesis. Within

these periods, the number of attempts between each
combination of parents and success in establishing a
hybrid pod set was registered, and the percentage
was calculated (Table 1).
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Table 1. Percentage (%) of crosses performed and pod sets in each cross combining different lima bean (Phaseolus lunatus

L.) genotypes.

Combination identification Combination* N° crosses performed Crosses performed (%) N°podset  Pod set (%)
1 UFPI 628 X UFPI 465 24 10 1 4
2 UFPI 628 X UFPI 666 27 11 4 16
3 UFPI 728 X UFPI 465 22 9 1 5
4 UFPI 728 X UFPI 666 19 8 2 11
5 UFPI 666 X UFPI 728 29 12 0 0
6 UFPI 666 X UFPI 628 22 9 2 11
7 UFPI 465 X UFPI 628 43 18 2 5
8 UFPI 465 X UFPI 728 55 23 2 4

*In each combination, the first genotype represents the female parent and the second, the male parent.

Over the time crosses were performed, data
on the minimum and maximum temperatures, and
relative humidity were collected under the protective
screen.

The Pearson correlation coefficient between
the percentage of hybrid pod sets and climatic
elements (minimum and maximum temperatures and
relative humidity) were estimated under the
conditions in which the artificial crosses were
performed. Statistical-genetic analyses were carried
out using the GENES software (CRUZ, 2013). Seeds
from potential artificial crosses were managed under
the same experimental conditions as the parents and
evaluated for growth habits and days to maturity.
The seeds were sown in pots with one F; seed per

pot. At 15 days after emergence, leaves from each
cross combination were collected for DNA
extraction and later molecular analysis. The parents
were evaluated by the same molecular analysis.
DNA was extracted from the accessions used
as parents and plants obtained from crosses using the
CTAB protocol, described by Doyle and Doyle
(1990). In both cases, 11 primers optimized for
common beans (Phaseolus vulgaris L.) were tested
(Table 2) to obtain molecular validation of the
crossing method used regarding success in obtaining
F, seeds (GAITAN-SOLIS et al., 2002). These
primers were selected based on prior studies with
lima beans in the BGP-UFPI (PENHA et al. 2017).

Table 2. List of primers developed for the species Phaseolus vulgaris L. used in distinguishing lima bean (Phaseolus

lunatus L.) parents.

Name Sequence

Motif

F: CATGCAGAGGAAGCAGAGTG

AG1

R: GAGCGTCGTCGTTTCGAT

(GA)GGTA(GA)sGGGGACG(AG),

F: TGCACAACACACATTTAGTGAC

BM 140 R: CCTACCAAGATTGATTTATGGG (GA)0

BM 141 R CTCACAAACCACAACGCACE A

BM 146 R TCGAGACACAATITATGAAGGE (CTGTTG)(CTG), (TTOX(CTGX(CTO),
BM 154 R CTOAATCTOAGGAACGATGACCAG ©ny,

BM 156 T TOOITOCATCTCAGCCAGAATG 1y,

BM 160 R COCOGTTCTOATCOTOACTTC (GA)(GAA)

BM 211 R CCACCATGTGCTCATGAAGAT (T,

BM 212 RTGAACKTTCAGOTATIGATGAATOAAG Ay

GATS 9] F: GAGTGCGGAAGCGAGTAGAG GAne

R: TCCGTGTTCCTCTGTCTGTG
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The primers were synthesized with an M13
tail of bacterial plasmid at the 5’ end of the forward
primer. The amplification reactions were performed
with 10 ng DNA, 1X PCR buffer, 2.0 mM MgCl,,
250 pg/mL BSA, 2.0 uM dNTP, 1U Taq, 0.2 uM
direct primer, 0.4 pM reverse primer, and 0.2 uM
M13-IrDye 700 or 800, filling up with water to a
final volume of 20 pL. Amplifications were made in
a LifePro thermocycler (Bioer Technology Co. Ltd.)
using initial denaturation at 94 °C for 2 minutes,
followed by 45 amplification cycles at 94 °C for 30
seconds, 49 °C for 30 seconds, and 72 °C for 30
seconds, and final extension at 72 °C for 10 minutes.
The amplification product was resolved on a 0.25
mm polyacrylamide gel (6.5%), using an LI-COR
4300 DNA Analyzer (LI-COR Biosciences, USA).
The alleles in each sample were identified using
SAGA GT software (Li-Cor, Biosciences).

The LI-COR system used in genotyping
detects DNA using infrared fluorescence. The chain-
terminated fragments were labelled with an infrared
dye to be then separated according to size on an
acrylamide gel. Raw image data comprised a series
of bands displayed on a computer monitor to be then
analyzed by the sequencer, using SAGA GT
software.

The microsatellite markers were analyzed in
terms of the presence or absence of informative
bands for confirmation of cross-fertilization.
Informative bands are alleles present in the male

parent and absent in the female, whose presence in
the supposed hybrid plant confirm cross-fertilization.
Only bands with high clarity and reproducibility
were considered informative bands (FALEIRO;
PIRES; LOPES, 2003).

RESULTS AND DISCUSSION

The student’s t-test proved the null hypothesis
in which the mean number of buds opened in the
morning is equal to those opened in the afternoon (p-
value > 0.05) (Table 3). Therefore, artificial
crossings in lima beans can be performed both in the
morning and in the afternoon.

The number of lima bean flower buds opened
at different periods shows that anthesis occurs
throughout the morning and afternoon. Nevertheless,
a larger number of flower buds open from 9:00 -
10:00 a.m. and from 4:00 to 5:00 p.m., with 33.33%
and 30% higher percentages, respectively (Table 3).
Between 7:00 and 8:00 a.m., the first hours of the
day, the presence of dew on the flowers makes it
difficult to cross due to excess water on the stigma.
For this reason, we started crossings at 8:00 a.m. In
brief, flower morphology and opening time must be
first understood to determine the proper time and
temperature/ moisture conditions to perform crosses
and obtain successful hybridizations (ANTUNES et
al., 2010).

Table 3. Distribution of the number of flower buds of lima bean (Phaseolus lunatus L.) in anthesis in the morning and the

afternoon and Student t-test.

Morning
Time (a.m.) Absolute number Relative number (%) Accumulated number
7:00 - 8:00 2 6.67 2
8:00 - 9:00 7 23.33 9
9:00 - 10:00 10 33.33 19
10:00 - 1100 4 13.33 23
11:00 - 12:00 7 2333 30
Afternoon
Time (p.m.) Absolute number Relative number (%) Accumulated number
1:00-2:00 4 13.33 4
2:00-3:00 5 16.67 9
3:00-4:00 7 2333 16
4:00-5:00 9 30.00 25
5:00-6:00 5 16.67 30
p-value 0.50
t-critical 1.89
t-stat 0.11

Of the 241 crosses performed, the hybrid fruit
formation rate was 5.8%, and 42 seeds were
obtained. The combination UFPI 666 x UFPI 728

was not successful (Table 1). The method used
allowed the formation of lima bean pods, although
the rate of hybrid pod formation was low. This is
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fundamental for the breeding of the species P.
lunatus L. since there is no other method described
in the literature.

According to the literature consulted, low
hybrid pod set rates are not a reason to reject a
method. In a study carried out by Nunes et al. (2010)
on cowpea artificial hybridization, of the 214 crosses
performed, 19 pods were obtained, with a pod set
rate of 8.87%. Régo et al. (2006) evaluated four
methods of crossing cowpea and obtained pod set
rates from 2.9 to 44.9%.

Pod set rates in crosses vary widely and
depend on many factors. For a successful
hybridization, crossing times, pollen viability, and
pollination method must be previously evaluated
(FREIRE FILHO et al. 2014). Grigolo and Fioreze
(2018) reported that important aspects are a high
specific combination between genotypes, associated
with environmental conditions and handling
techniques. To improve hybridization efficiency,
Ribeiro and Storck (2003) suggested training

operators and increasing the number of crossing
operations are issues to be considered. Operator
ability and climate conditions, among other factors,
affect artificial pollination, with low temperatures
and high relative humidity favoring pod set rates
(REGO et al., 2006).

Pearson correlation coefficients showed that
pod set percentages had a positive and significant
correlation with minimum temperature (0.75) and
relative humidity (0.77), but a negative and
significant correlation with maximum temperature
(-0.82) (Table 4). Therefore, the smaller the
temperature fluctuation and the higher the relative
humidity, the higher the pod set rates. Such results
indicate that to obtain greater success, lima bean
crosses should be performed in a greenhouse,
wherein these climatic elements can be controlled.
Minimum and maximum temperatures inside the
greenhouse were 22.9 °C and 34.1 °C, respectively,
with an average relative humidity of 64%.

Table 4. Pearson correlation coefficients among pod set (%), minimum temperature (°C), maximum temperature (°C), and

relative humidity (%).

Variable Minimum temperature ~ Maximum temperature Relative humidity
(O O (%)
Pod set (%) 0.75"" -0.82" 0.77"
Minimum temperature (°C) -0.79" -0.84"
Maximum temperature (°C) 0.88"

** *: Significant at 1% and 5% probability by the #-test.

Freire Filho et al. (2014) evaluated studies of
crossings in cowpea from 1982 to 2012 and
concluded that temperature and relative humidity
were the factors that most affected pod set rate in
most of them. Similar results were obtained by Sousa
et al. (2015), who described the ideal temperature
and humidity for artificial crosses in lima beans to
avoid heat stress and facilitate pollen grain release
from anthers.

Floral bud size is one of the factors to
consider for successful hybridizations. In the case of
lima beans, it is one of the main hurdles in handling
petals and tweezers and can reduce pod set rates.
According to Frazdo et al. (2010), the flower bud
size of this species ranges from 5.30 to 6.00 cm on
average.

The controlled crosses (UFPI 465 x UFPI
728), (UFPI 628 x UFPI 465), (UFPI 628 x UFPI
666), and (UFPI 465 x UFPI 628) were confirmed by

obtaining F1 lima bean hybrids (Figure 1).
Therefore, the proposed method was validated and
parents had genetic complementarity. This result is
important since there is still no methodology used in
this crop. The combination UFPI 628 x UFPI 666
stood out by exhibiting the highest pod set
percentages (Table 4).

Of the microsatellite primers used and
developed for the species Phaseolus vulgaris L.,
40% of them (BM 211, BM 141, BM 154, and GAT
591) generated at least one informative band for
confirmation of artificial cross-fertilization (Figure
2). Therefore, this marker was effective for
confirming the occurrence or lack of cross-
fertilization in lima beans. Similar results were
obtained by Morais et al. (2016), who applied 24
microsatellite markers to evaluate the effectiveness
of controlled crosses and evaluate the genetic
identity of seed samples of a common bean cultivar.
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Figure 2. Highlighted profile of gels for the primers BM 211, BM 141, BM 154, and GAT 591 analyzed in lima bean
(Phaseolus lunatus L.) plants in Teresina, PI, Brazil, 2016. The numbers 1, 2, 3, 4, 6, 7, and 8 correspond to the plants of
the F; generation of the combinations between the genotypes Py (UFPI 465), P, (UFPI 666), P; (UFPI 628), and P4 (UFPI

728).

Other applications of microsatellites in lima
bean plants were related to genetic diversity and
identification of cross-fertilization rates (PENHA et
al., 2017; OLIVEIRA-SILVA et al., 2017). In
characterization studies on lima and other bean
species of the genus Phaseolus by molecular
markers, microsatellites have proven to be effective
in tests for kinship determination (VIDAK et al.,
2017; GIOIA et al., 2019). Therefore, the use of one
or two microsatellite primers with at least one
informative band is sufficient to confirm or deny
cross-fertilization in lima beans.

Microsatellite markers were effective in
confirming the paternity of interspecific F; hybrids
between  Vitis  labruscana and  Muscadinia
rotundifolia obtained through artificial cross-
pollination and for determining the correct identity
of the parents (SCHUCK et al., 2011).

CONCLUSION

Lima beans can be crossed artificially in the
morning and afternoon. The crossing method without
emasculation is efficient to obtain hybrids in lima
beans. The genotypes UFPI 465, UFPI 728, UFPI
628, and UFPI 666 can be indicated as
complementary parents for the breeding program of
this species. The primers BM 211, BM 141, BM 154,
and GAT 591 were efficient in differentiating
accessions of lima beans from crossings.
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