Revista Mexicana Ciencias Agricolas volume 12 number 7 September 28 - November 11, 2021

Article

Molecular characterization of caimito in the state of Morelos

Maria Andrade-Rodriguez*
Teresa de J. Rodriguez-Rojas?®
Oscar G. Villegas-Torres!
Antonio Castillo Gutiérrez?

Postgraduate in Agricultural Science and Rural Development-Faculty of Agricultural Sciences-
Autonomous University of the State of Morelos. University Avenue 1001, Chamilpa Colony, Cuernavaca,
Morelos, Mexico. CP. 62209. Tel. 777 3702946. 2School of Higher Studies of Xalostoc-Autonomous
University of the State of Morelos. Av. Nicolas Bravo s/n, Cuautla Industrial Park, Xalostoc, Ayala,
Morelos, Mexico. CP. 62717. Tel. 777 3297981, 777 329-7988.

S$Corresponding author: teresa.rodriguez@uaem.mx.

Abstract

The fruit growing of Mexico has 63 commercial species and 220 species with food potential. In the
state of Morelos, 1.7 ha of caimito have been reported in the municipalities of Coatlan del Rio and
Tetecala de la Reforma. Caimito is an alternative source for the diversification of agriculture, as
well as for fruit export. The knowledge of the genetic variability of the species will allow the
development of programs oriented to the conservation of germplasm in situ or ex situ, certification
programs, as well as provide producers with a wide selection of plants. The objective of the study
was to molecularly characterize previously selected caimito trees in Coatlan del Rio and Tetecala
de la Reforma, Morelos, Mexico, using the RAPDs technigue. Thirteen caimito trees were selected
considering the morphological and organoleptic characteristics for the selection. Genomic DNA
isolation was performed, and 30 RAPD primers were used. Molecular data were processed using
the numerical taxonomy and multivariate analysis system (NTSYSpc 2.1). The methodology used
allowed the characterization of nine trees. The cluster analysis obtained shows that at a level of
0.71 of genetic distance, four groups form. Trees 14 and 15 do not share genetic similarity with the
other trees and these were in turn the ones that showed the greatest number of marker bands and
were also some of those that stood out for their flavor.
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Introduction

Fruit growing in Mexico has 63 commercial species and 220 species with food potential, some
species are not yet reflected in the statistics as they are grown locally in home gardens or are
collected (Borys and Borys, 2001), among which are those of the family Sapotaceae; of this,
caimito (C. cainito L.) is native to Central America and the Caribbean Islands and the Antilles. In
the state of Morelos, 1.7 ha of caimito have been reported in the municipalities of Coatlan del Rio
and Tetecala de la Reforma (Alvarez-Vargas et al., 2006; SIACON, 2018).

Chrysophyllum L. (Sapotaceae) species are propagated widely as ornamental plants due to their
colorful foliage density and edible fruits (EI-Harwary et al., 2019). They are fleshy fruits, globose
or rounded berry type, the pulp is fleshy, it stands out for its exquisite flavor and nutritional value,
since the fruits are rich in carbohydrates, calcium and phosphorus, they can be consumed as fresh
fruit, in juices or salads, they are also used for ornamental purposes for their appearance and golden
color of the abaxial of the leaves (Morton, 1987; Pennington, 1990; Rojas-Rodriguez and Torres-
Cordoba, 2012).

It is for the above mentioned that Azurdia et al. (1995) suggests the importance of caimito as an
alternative source for the diversification of agriculture as well as for fruit exports. There is little
knowledge about the techniques of sexual and asexual propagation of this fruit tree, as well as
about its cultivation in general, with conditions and practices that ensure a good production of high-
quality fruits. To achieve this, it is necessary to produce suitable rootstocks in order to perpetuate
the selected varieties or types of this plant (Alvarez et al., 2004).

In this regard, Crane and Balerdi (2019) mention that the caimito can be propagated by seed,
cuttings and grafting, trees that originate from seed bear fruit in 5 to 10 years, while vegetatively
propagated trees can begin fruit production in 1 to 2 years, and in grafting, it has been reported that
caimito produces slow-growing dwarf trees. Asexual propagation limits the number of generations
that have passed since their first cultivation by humans and the degree of evolution that has
occurred under human selection in these taxa (Zohary and Spiegel-Roy, 1975; Clement, 1989).
When the caimito is propagated by seed, it generates a wide genetic diversity, so it is advisable to
multiply the trees selected for their productive capacity and quality of their fruits through grafting
(Avilan et al., 1992).

If different cultivated varieties are selected by contrasting phenotypes, the phenotypic variance will
be greater in cultivated plants (Parker et al., 2010). The knowledge of the genetic variability of the
species will allow the development of programs oriented to the conservation of germplasm in situ
or ex situ, certification programs, as well as provide producers with a wide selection of plants
(Azurdia et al., 1997; Carrara, 2004; Nascimento et al., 2008). There are different methods to
characterize, identify plant species, evaluate their diversity and phylogeny, those based on
morphology are the most used (Bayuelo-Jiménez et al., 2006).

The first characterization studies of sapotaceous used morphological, phenological, and agronomic
characters; however, classification based on these characters can be confusing because they are
affected by environmental factors. The use of isoenzymes may be more useful; in this regard, they
were applied to study in situ 246 types of M. sapota and 287 of C. cainito in Nicaragua (Benavides,
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1998; Weaver, 1993) by morphological characterization, registered a new species of caimito called
Micropholis chrysophylloides in Puerto Rico; however, these can be affected by the environment
and the phenological stage of the plant.

A large number of methods to identify and analyze molecular markers have also been generated,
among which those based on the polymerase chain reaction (PCR) stand out, which allow
amplifying specific or random sequences of DNA and require small initial amounts of it (Orona et
al., 2006), they are not affected by the environment and can be analyzed at any stage of
development of the crop, RAPD markers are simple, efficient, economical, fast and efficiently
discriminate between genotypes (Yasmin et al., 2006).

Markers such as cytogenetic and molecular allow analyzing the differences between chromosomes,
proteins or DNA (Avise, 2004). Another technique used is the sequencing of the ndhF chloroplast
gene to study the phylogeny in the family (Anderberg and Swensony, 2003). Simple sequence
repeats (SSRs) were used for the analysis of the variability of the chloroplast DNA in Manilkara
hubery (Renné et al., 2008). RAPDs were used to determine the effect of environmental conditions
on the genotype of Manilkara sapota (Heaton et al., 1999) and to determine the spatial genetic
structure of Chrysophyllum sanguinolentum (Degen et al.,2001), as well as to study the genetic
diversity of Vitellaria paradoxa (Fontaine et al., 2004).

In Pouteria sapota, AFLPs have also been used to study the genetic variation of cultivated
selections (Carrara, 2004). Majourhat et al. (2008) used RAPDs and SSRs to characterize
morphotypes of Argania spinosa and observed that RAPDs had high polymorphism and more
information than SSRs. There are currently many germplasm collections with genotypes of high
agronomic value that could be used as parents in genetic improvement programs; however, in many
cases their degree of diversity and the relationship between materials are unknown, which makes
it difficult to use them (Becerra and Paredes, 2000).

Molecular markers are widely used to implement crop breeding and management programs (Xin-
hua et al., 2007). This method is beneficial for ecologists and conservationists by allowing the
identification of samples (Hebert and Gregory, 2005). Gonzalez-Hernandez et al. (2012) mention
that, although the sapodilla (Sapotaceae) is an economically important species in Mexico, there is
no information that allows generating appropriate programs for its improvement and crop
management.

Due to the limited information about caimito in terms of molecular characterization that allows
identifying the trees with better characteristics that could be used to conserve them and eventually
integrate them into a program of long-term genetic improvement or vegetative propagation that
allows having caimito orchards established in a homogeneous way and with quality fruits, the
objective of this research was to molecularly characterize previously selected caimito trees in
Coatlan del Rio and Tetecala de la Reforma, Morelos, Mexico, using the RAPDs technique, in
order to determine if there is a genetic differentiation of trees that allows the identification and
selection of outstanding germplasm; through molecular markers.
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Materials and methods

Thirteen caimito trees were selected based on morphological and organoleptic characteristics such
as fruit flavor, higher yield, size and quality, through interviews with the producers conducted by
Alvarez-Vargas et al. (2006) in Coatlan del Rio and Tetecala de la Reforma, Morelos, Mexico. The
characteristics for which they were selected are because the caimito fruits are red, opaque and dark,
there is great variation in the hue and chromaticity of the fruits, probably due to the wide variety
in colors and their intensity. The dimensions of the fruit, such as length and diameter, show a high
variation with ranges of 60.3 and 54.1 cm, respectively.

Sixty percent of the total weight of the fruit corresponds to the peel, 3% to the seed and 37% to the
pulp, the peel of the fruit is composed of a thin and hard epicarp, as well as part of the mesocarp
that at commercial maturity forms a resistant peel, the other part of the mesocarp is purple or white,
aqueous and sweet and represents the pulp of the fruit. The great variation in these characters makes
it possible to search for materials with a higher proportion of pulp, to increase their potential use
as fresh or processed fruit. The caimito can have up to eight seeds, as well as seedless fruits.

Caimito fruits have great variation in chemical characteristics such as soluble solids, total sugars.
The average values of soluble solids are 10.1 Brix and indicate that the fruits provide a good amount
of energy to those who consume them, some fruits reach values of 185.9 mg g of total sugars.
Currently, few quality studies have been carried out to determine the characteristics of the fruit that
are attractive to the consumer; however, large fruits with few seeds and a high concentration of
total sugars are preferred (Alvarez-Vargas et al., 2006). The trees were 1, 2, 3, 4, 5, 9, 10, 13, 14,
15, 17,18 and 19.

Leaf collection

Samples of young, healthy leaves were collected from 13 previously selected caimito trees. The
leaves were placed in plastic bags, marked with the code of each tree and transported at ambient
temperature to the laboratory. The leaves were washed, and the water was removed from the
surface, then 150 mg of leaf from each tree was weighed and frozen at -20 °C until DNA extraction.

Genomic DNA isolation

Samples of 150 mg of leaves from each of the 13 caimito trees were used to extract DNA according
to the methodology reported by Andrade-Rodriguez et al. (2005), replacing isoamyl alcohol with
octanol. In the last step of the extraction methodology, the DNA obtained was dissolved in 25 pl
of 0.1 TE (1 mM Tris-HCI pH 8, 0.1 mM EDTA) with 20 ng ul™ of RNase, heated to 37 °C for 40
min. And stored at -20 °C until use.

The DNA integrity of all trees was estimated by 1% agarose gel electrophoresis (ultrapure GIBCO),
for which 1 ul of DNA sample was used. Electrophoresis was performed at ambient temperature
in TAE buffer (0.04 M tris-base, glacial acetic acid, 1 mM EDTA) at 75 volts for two hours. The
gel was stained with ethidium bromide (1 ug mlt). DNA samples were visualized and documented
with a gel analyzer (Syngene GVM20).
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The concentration of the DNA and its purity were quantified in a Genesys 6® spectrophotometer
of ultraviolet light, for which a dilution of 1:150 [5 ul of DNA from the sample plus 745 ul of TE
10X (10 mM Tris HCI pH 8, 1 mM EDTA pH 8)] was prepared. The concentration was determined
by the formula: [DNA (ng pl™)]= (ODa2s0) (DF) (50 pg-ul™). Where: OD2so= optical density of the
DNA solution read at the wavelength of 260 nm. DF= dilution factor. 50 gu pl= DNA
concentration determined for a value of 1 at 260 nm.

Purity was assessed as the ratio of readings at wavelengths of 260 and 280 nm (260/280). Values
between 1.8 and 2 of optical density (OD) indicate a high degree of purity. Values less than 1.8
indicate contamination of the DNA sample with proteins and other UV light-absorbing elements.
While values greater than 2.0 indicate contamination by chloroform, phenol or other organic
substance. Once the reading for each DNA sample was obtained, the working solutions were
prepared at 20 ng plt.

RAPD Analysis

Thirty primers were used, 20 with the sequences of kit B, A-07, A-08 (Operon Technologies Inc.)
and eight with the sequences designed by Rodriguez-Rojas et al. (2012) for studies with
sapotaceous, all with an arbitrary sequence of 10 nucleotides, of these primers, 12 that presented
the largest number of brightest bands were selected (Table 1).

Table 1. Sequence of eight of the primers used in the molecular characterization of caimito trees,
designed by Rodriguez-Rojas et al. (2012).

Primer Code Sequence of bases Primer Code Sequence of bases

23 SAP-01 5 ATGCGAACCG3 27 SAP-05 5 TATAGGCCCTZ®
24 SAP-02 5 GACACATCGG3 28 SAP-06 5 CCTACTCCAGZ
25 SAP-03 5 TGG GACCTCC3’ 29 SAP-07 5 TGGGAATCCC3
26 SAP-04 5°GGAGCTACCT3 30 SAP-08 5’ GCCCCTACTA?3

The reaction mixture consisted of 10 ul of ANTPs (5 uM of each dNTP), 2.5 ul PCR buffer (10X),
1.5 pl of Mg Cl2 (75 mM), 2 L of primer (20 pmol), 0.3 ul native DNA polymerase INVITROGEN
(1.5U), 4 ul of DNA (80 ng) adjusting to a volume of 25 pul with 4.7 L of sterile deionized distilled
water. DNA amplification was performed by polymerase chain reaction (PCR) in a Techne TC-
412 thermocycler. The thermocycler program consisted of a DNA pre-denaturation cycle at 94 °C
for 4 min, plus 35 cycles consisting of the following stages: 1 min at 94°C to separate DNA helices,
1 min at 36 °C for primer alignment, 2 min at 72 °C for DNA polymerization and a final extension
cycle of 10 min at 72 °C.

The separation of amplified products was performed by ultrapure agarose gel electrophoresis
(INVITROGEN) at 1.5% (w/v). Electrophoresis was performed with TAE 1X buffer, applying 75
volts for 4.5 h. The gels were stained with ethidium bromide (1 pg L) to evidence the DNA bands,
and subsequently photographed with the Syngene GVM20 photodocumenter. The size of the DNA
fragments, produced by the RAPDs, was obtained using the Gen tools program version 3.06 of
Syngene.
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The analysis of the molecular data for the characterization of the 13 caimito selections was
performed by comparing DNA band patterns produced by the 12 RAPD primers using the Gene
tools Labworks 4® program. The presence of RAPD markers was determined by analyzing the
electrophoretic profiles generated by each of the caimito genotypes. For the construction of the
dendrogram, the data were analyzed based on the presence (indicated by 1) or the absence
(indicated by 0) of fragments amplified with the decamer primers used, the data were processed
using the numerical taxonomy and multivariate analysis system (NTSYSpc 2.1). Cluster analyses
were performed on the relationship of matrices with the unweighted pair group method with
arithmetic mean, UPGMA (Avise, 1994).

Results and discussion

The selected primers were OPB (01, 04, 05, 06, 07, 08, 09, 10, 11 and 12), SAP-01 and SAP-04,
for presenting the largest number of amplified products, with brighter and better-defined bands.
These primers generated 190 RAPD fragments ranging from 254 to 3 407 bps. Ninety-seven
percent of the fragments were polymorphic and allowed characterizing 9 of the 13 trees studied (1,
3, 5, 10, 13, 14, 15, 17 and 19) with 71 marker fragments. In trees 2, 4, 9 and 18, no marker
fragments that would allow their characterization with the primers used were obtained (Table 2).
The primers that generated the largest number of markers were OPB-06 and OPB-10, the latter
allowed identifying a greater number of trees (6) along with SAP-01 and SAP-04 (Figure 1). In
contrast, primer OPB-11 produced only threes fragments which characterized two trees. No single
primer allowed to characterize all plants.

Table 2. Amplified fragments and molecular characterization by RAPDs of caimito trees in
Morelos, Mexico.

Primer Amplified Polymorphic Polymorphism Markers Characterized
fragments  fragments (%) (pb) plant

OPB 01 17 17 100 p:1906 13

GTTTCGCTCC p:1813 1

p:877 13

a:1615 13

a:1044 13

OPB 04 GGA 15 14 93 p:1319 5

CTG GAGT p: 490 19

OPB 05 13 13 100 p:1339,1081,866 14

TGCGCCCTTC p:492 10

a: 1265 14

OPB 06 17 16 94 p:1877,1628,1324 15
TGCTCTGCCC 1063, 909,519

p:622,548, 495 10

a:1131,995 15

OPB 07 16 16 100 p:2140,1396,918,496 14

GGTGACGCAG a:1727 13

OPB 08 16 16 100 p:1493,1100,969,254 15

GTCCACACGG a:732 15
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Primer Amplified Polymorphic Polymorphism Markers Characterized
fragments  fragments (%) (pb) plant
OPB 09 13 13 100 p:1561,1403 15
TGGGGGACTC p:1357,1026,626 17
a:1940 15
OPB 10 21 21 100 p:2726,2446,2280 14
CTGCTGGGAC 1934,1762,1628,
1258, 899, 716,654
p:1208 17
a:1114 14
a:467 13
OPB 11 12 12 100 p: 1187 10
GTAGACCCGT p:987,831 15
OPB 12 12 11 91 p:1192,693, 596 14
CCTTGACGCA a:1028,665 14
SAP 01 21 20 95 p:669 3
ATGCGAACCG p:588 10
p:1884,1689,1406, 14
960

SAP 04 17 16 94 p:310 13
GGAGCTACCT p:687,306 14
p:1147 15
a:599 13

Pb= pair base; a= absence; p= presence.

1147 pb

687 pb

Figure 1. Banding pattern generated by primer SAP-04 for 13 caimito trees in the state of Morelos,
Mexico. 1kb: molecular weight marker 1 kb DNA Ladder.
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The methodology used allowed characterizing nine trees, the 14 was the one that showed the
greatest presence of markers (30 fragments) that were produced with six primers. This indicates
that the DNA of this tree had a greater number of particular DNA sequences that were
complementary to primers OPB (05, 07, 10, 12), SAP-01 and SAP-04. Another tree that showed
a greater number of marker bands was tree 15, with 15 marker fragments, generated by
oligonucleotides OPB (06, 08, 09 and 11).

In contrast, trees 2, 4, 9 and 18 did not produce any markers, which means that the DNA molecule
of these plants did not present particular DNA sequences that identified them with the use of the
primers used. The organoleptic characteristics of the fruits are not reported; however, the tasting
of the fruits was carried out, in flavor, the fruits of trees 3, 4, 10, 14 and 15 stood out; however,
there were no markers for all these trees (Table 3).

Table 3. Fragments of molecular markers for 13 caimito trees from the state of Morelos,

Mexico.
Tree Marker fragments

1 OPB 01 (1813)

2

3 SAP 01 (669)

4 -

5 OPB 04 (1319)

9 -

10 OPB 05 (492), OPB 06 (622, 548, 495), OPB 11 (1187), SAP 01 (588)

13 OPB 01 (1906, 877, 1615, 1044), OPB 07 (1727), OPB 10 (467), SAP 04 (310, 599)
OPB 05 (1339, 1081, 866, 1265), OPB 07 (2140, 1396, 918, 496), OPB 10 (2726, 2446,
14 2280, 1934, 1762, 1628, 1258, 899, 716, 654, 1114), OPB 12 (1192, 693, 596, 1028,
665), SAP 01 (1884, 1689, 1406, 960), SAP 04 (687) (306)
OPB 06 (1877, 1628, 1324, 1063, 909, 519), OPB 06 (1131, 995), OPB 08 (1493, 1100,

15 969, 254, 732), OPB 09 (1561, 1403, 1940), OPB 11 (987, 831)
17 OPB 09 (1357, 1026, 626), OPB 10 (1208)

18

19 OPB 04 (490)

The size of the fragments amplified by the primers corresponding to base pairs (pb) is indicated in parentheses.

The RAPD methodology allowed the characterization of 72.9%of the caimito trees studied, this
because they amplify in a wide region of the genome; however, the possibility of finding molecular
markers for all trees could have been higher if more primers had been used, in this regard, (Vinicius
et al., 2014), when conducting a study to find what the best marker for the identification of
Sapotaceae species was, mention and conclude the importance of molecular markers, which they
consider essential to adopt conservation strategies and an appropriate management plan for a given
species, as they are highly discriminatory and useful for the molecular identification of the
Sapotaceae specie.
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The RAPDs in the present research presented a high discriminative percentage, which allowed
detecting the genetic diversity for the selection of outstanding trees, promising to selection,
management and conservation programs that could be efficiently implemented, molecular markers
serve as a parameter to classify and allow identifying the plant (mother) material of interest to
propagate.

The total and polymorphic RAPD fragments obtained in the characterization of the caimito trees
were greater than those obtained by Fontaine et al. (2004), who observed a total of 67 polymorphic
and 15 monomorphic RAPD loci ranging from 1 670 to 280 bp, in 179 individuals of the
sapotaceous Vitellaria paradoxa, with the primers OPB-07, OPB-11, OPN-15, OPR-15, OPW-9,
OPW-12, OPW-13, OPX-3, OPX-6, OPX-11, OPY-6, OPY-13, OPY-20, OPW-5, OPW-19. In this
research, the number of bands ranged from 12 to 21, while Fontaine et al. (2004) only identified 1
to 6 bands, which is attributed to the difference in species.

As for the number of marker fragments, in this research, 58 different ones were obtained with the
use of 12 primers, while Heaton et al. (1999), when studying sapodilla using RAPDs with 80
primers, only obtained 28 different bands, this indicates the usefulness of the oligos used in this
research. In this research, 185 polymorphic fragments were obtained, while Degen et al. (2001),
using the same methodology to study 68 individuals of Chrysophyllum sanguinolentum with 11
primers (OPE-02, OPE-05, OPE-07, OPY-04, OPY-06, OPY-07, OPY-10, OPY-13, OPY-14,
OPY-15, OPY-16), obtained only 48 polymorphic fragments. From the above described, it can be
said that the number of amplified fragments varies according to the species to be studied, as well
as the sequence of indicators.

The cluster analysis obtained (Figure 2) shows that at a level of 0.71 of genetic distance, four
groups form: 1) trees 1, 4, 13, 18 and 19; 2) trees 2, 5, 3, 10, 9 and 17; and 3) tree 15 and 4) tree
14. The group that integrated more trees was the 2, the greatest genetic similarity between trees
also occurred in this group. Plants two and five had the lowest genetic distance (0.92), in contrast,
trees 14 and 15 were the most distant from the other trees, at the same time they were the ones that
showed the highest number of marker bands and they also stood out for flavor.

I
3

Coeficiente de distancia

Figure 2. Dendrogram of thirteen caimito trees, built with the UPGMA method (average linkage).
The distance coefficient refers to genetic distance. Dotted line: reference for group formation.
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Conclusions

The information generated on the molecular characterization of the caimito is one of the first
references of DNA characteristics, for trees with outstanding fruit characters, which can be useful
to start the process of selection and registration of varieties of this fruit species in Mexico. The
RAPDs were useful for the characterization of nine caimito trees, achieving the molecular
characterization of more than 72.9% of the plants studied. Trees 14 and 15 showed the highest
number of marker bands and share the least genetic similarity with the other trees.

The species with potential for the conservation of germplasm in situ or ex situ are trees 15 and 15,
which can enter a conservation and certification program to provide other producers with plants
with the outstanding characteristics for the cultivation of caimito.
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