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Molecular characterization of mandarins
(Citrus reticulata Blanco) using ISSR markers
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ABSTRACT

In order to establish the molecular diversity of citrus production systems in Villa Sucre (Colombia), mainly
“Creole mandarin”, this study analyzed C. reticulata farm samples using six ISSR molecular markers. A total
of 61 polymorphisms were characterized; 42% were highly common with a mid- average polymorphic in-
formation content (PIC) of 0.42, indicating a highly polymorphic variation. Molecular relationships based
on the Dice coefficient and the UPGMA algorithm showed the existing genetic relationships between the
crop areas, grouping them in five separate clades and two main subgroups (MDS). This is the first molecular
classification done in the area, setting the basis for mandarin crop molecular diversity and providing vital
information for mandarin crop management programs.
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RESUMEN

Con el propésito de establecer la diversidad molecular de sistemas de produccién de citricos provenientes de Villa
Sucre (Colombia), principalmente “mandarina criolla”, el estudio analizé muestras de fincas de C. reticulata utilizan-
do seis marcadores moleculares ISSR. Se caracterizaron un total de 61 polimorfismos, el 42% de ellos fueron muy
comunes, con un contenido de informacién polimérfica (PIC) promedio medio de 0.42 indicando una alta variacién
polimoérfica. Relaciones moleculares basadas en el coeficiente de Dice y el algoritmo UPGMA, mostraron las relacio-
nes genéticas existentes entre las dreas de cultivo, agrupandolas en cinco lados separados y dos subgrupos principales
(MDS). Esta es la primera clasificacién molecular realizada en el rea, sienta las bases para la diversidad molecular
del cultivo de mandarina y proporciona informacién vital para los programas de manejo del cultivo de mandarina.

Palabras clave adicionales: polimorfismo; variabilidad genética; frutas citricas; variedades naturalizadas;

fitomejoramiento.
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Citrus fruits are recognized for their high water and
vitamin C contents, along with sugars, acids, min-
eral salts, fibers, and other vitamins that benefit
human health (Valera, 2018). They are also known
as an important source of antioxidants (Zou et al.,
2015) because of their high content of polyphenols,
flavonoids, and terpenes. Nowadays, 140 countries
harvest citrus fruits. In 2017, global production was
estimated at 120 million tons, with the orange ranked
as first. The mandarin had an average of 23.3 million
tons (Valera, 2018). The main citrus producing coun-
tries are China, Brazil, India, and the United States,
with citrus species that include the lemon, mandarin,
orange, grapefruit, and lime (de la Rosa-Herndndez ez

al, 2016).

In the citrus group, the mandarin is the second most
important citrus fruit, with the highest climatic
adaptation (Mora-Vivas et al, 2013). For example,
China, with its varied geography, produces an aver-
age of 10 million tons per year. In Latin American,
mandarin producing countries include Colombia,
with an average of 110,000 t, followed by Peru, Bo-
livia and Uruguay (Cdmara de Comercio, 2019). The
hilly plains have arrayana mandarin (Citrus reticulata
Blanco) crops of the Dancy variety, whose fruits have
outstanding quality and production, confirming ad-
aptation to this area (Mateus-Cagua ef al., 2015).

In Colombia, citrus fruits represent 15% of the pro-
duction of perennial crops, with a total planted area
of 65,000 ha (Ramirez et al., 2014). It is estimated
that there may be between 10,000 to 12,000 ha of
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mandarin in Colombia (Orduz et al., 2012). The
quality of citrus fruits is very important for com-
mercialization, including the internal and external
characteristics of fruits, appearance and organoleptic
quality, which are considered for consumption and
industrial processes.

Mandarins grown in the Norte de Santander Depart-
ment, especially in the Villa Sucre area (Arboledas
municipality), are known as the “Criolla mandarin”
ramet but this classification, despite its marketing as-
pect, is very unspecific and is not assertive. However,
because of the increase in demand for fruits in the
country, small farmers in this area want to increase
and improve their crops to gain greater competitive-
ness in the market over other producers in the region
and further commercialization of their products.

Tangerines are highly polyembryonic, and clonal
propagation of seeds confers conservation advan-
tages, preserving the genetic identity of the paren-
tal characteristics. On the other hand, citrus fruits
are vulnerable to microorganism infections, causing
physiological and physical pathologies and lowering
high-quality harvest every year. As a result, chemi-
cal fungicides are widely used to control plant dis-
eases and pests but they have side effects on human
health and the environment (Palou et a/., 2015). The
conservation and use of plant genetic resources are
essential for the improvement of agricultural produc-
tion, sustainable development, and poverty manage-
ment. Molecular biology analyses of genetic diversity
have contributed substantially to the understanding
of plant genetics (Monfared ez al., 2018).
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Generally, genetic diversity can be characterized
using morphological, biochemical, and molecular
factors (Kremer et al, 2015). Morphological and
biochemical factors are affected by environmental
conditions, hiding the true representation of genetic
diversity, and are prone to underestimations. On the
other hand, molecular DNA methods include all fac-
tors, environmental factors and the genetic portrait,

displaying a more objective representation of diver-
sity (Liu et al., 2013).

To achieve these goals, ISSRs (inter repeated simple
sequences), a type of co-dominant molecular mark-
ers frequently found in most eukaryotic genomes, are
used (Mei et al., 2017). Some advantages are high re-
producibility, efficiency, high level of polymorphism
and high information capacity (Venkat et al., 2014),
making them suitable for differentiation and identi-
fication of closely related genotypes (Cui et al., 2017;
Souza et al., 2017). Therefore, they have been widely
used in genetic diversity characterizations (Heidari
et al., 2016; Tiwari et al., 2016), ramet identifica-
tion (Zheng et al., 2011), taxonomy (Zvyagina et al.,
2016), phylogeny and molecular mapping (Tomar et
al., 2017). They are also useful for detecting intraspe-
cific genetic variations (Poyraz, 2016).

Therefore, given the need to improve mandarin (Cit-
rus reticulata) business for farmers and the impacts on
local and global economies in Colombia, this study
characterized the genetic diversity and genetic re-
lationships among ten populations of C. reticulata
distributed mainly in the village of Villa Sucre using
ISSR markers. The main objectives were to establish
the first molecular characterization of mandarin (C.
reticulata) and to assess the genetic variation and dif-
ferentiation within and between populations.

MATERIALS AND METHODS

Ramet selection and DNA samples

Ten mandarin ramets (C. reticulata) were selected
from ASOMUSUCRE farms, a union that oversees
the Villa Sucre area. All commercial ramets older
than 5 years and geographically close farms were
considered. The sampling on each farm was as fol-
lows: three trees were chosen randomly, and healthy
leaves were sampled and stored in wet towels and
then in plastic bags at -20°C. Ramet samples were
also collected from a commercial farm, located in the
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Arboledas area (Eden Farm), where a representative
sample was collected (N = 31) (Fig. 1).

DNA Extraction

The genetic material isolation was carried for every
sampled tree: five young leaves were ground in liquid
nitrogen, and DNA extraction was done following
the Sudrez and Osorio (2017) extraction protocol. The
extracted DNA was then quantified using a Nano-
Drop 2000 (Thermo Scientific™), and the integrity
was assessed with 0.8% agarose gel electrophoresis
and visualized with a ChemiDoc™ MP Imaging Sys-
tem (Bio-Rad). Finally, the samples were diluted to a
final concentration (25 ng uL!) and stored at - 4°C.

ISSR Markers Amplification and visualization

The DNA amplification was done with a 25 uL fi-
nal PCR reaction volume for each primer (12.5 uL
og GoTag® Green Master Mix (Promega CO) 0.5 uL
primer, 10 uL nuclease-free water, and 2 uL DNA).
The final primer concentration for amplification
was 0.25 uM, as suggested by Medina-Medrano et al.
(2016) and Latorre et al. (2013). The PCR was done in
a MultiGene™ OptiMax (Labnet) thermocycler, and
the thermal conditions were: initial denaturation at
94°C for 5 min, followed by 35 cycles of 94°C for 60
s, 49 - 64°C for 120 s depending on the ISSR primer
(Tab. 1), 120 s at 72°C and a final extension at 72°C
for 7 min. DNA Amplicons were confirmed in a high
resolution 2% agarose gel at 80V for 2 h, stained with
SYBR Green and later visualized in a ChemiDoc™
MP Imaging System (Bio-Rad Laboratories, Hercules,
USA). The gel-band pattern was used to assign the
genotype profile for every ramet.

Table 1. ISSR primers used for the analysis of C. reticu-
lata (Medina-Medrano et al., 2016; Latorre et al.,
2013).
827 (CA),GC 49.8
864 5°-ATG ATG ATG ATGATG ATG-3' 46.5
878 GGA TGG ATG GAT GGA 46.5
880 5'-GGA GAG GAG AGG AGA-3' 50.0
888 | 5-CGTAGTCGTCAC ACA CAC ACA CA-3' 64.7
890 | 5-ACG ACT ACG GTG TGT GTG TGT GT-3' 64.7
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Figure 1. C. reticulata farms in Villa sucre (Arboledas’ Municipality, Norte de Santander, Colombia). Sampling locations are
indicated by colored drop mark. Six citrus farms were located around Villa Sucre’s downtown central square, and
the other five were located in the town’s rural area. Farm sampling codes, Ramet age and plantation type: M1 = Aya-
cucho (18 years/graft); M2 = Vega Rica (5 years/seed); M3 = Nueva Esperanza (25 years/graft); M4 = Pedregosa (20
years/graft); M5 = La Peionera (12 years/graft); M6 = Huerta Chiquita (15 years/graft); M7 = La Palma (15 years/
graft); M8 = El Caimito (15 years/graft); M9 =Villa Clema (5 years/seed); M10 = Huerta Grande (15 years/graft);

Mx = Eden (40 years/graft — Commercial Ramet).

Data analysis

Electrophoretic bands were considered single molecu-
lar characteristics, used to construct a binary matrix
encoded as 1 (presence) or 0 (absence) for each farm
population sample. The binary data were later used
to calculate the percentage of amplified polymor-
phism, dividing the number of polymorphic bands
by each primer sample’s total bands. The informa-
tive and discriminatory capacity of each primer was
evaluated with the proportion of polymorphic infor-
mation content (PIC) and calculated with the equa-
tion: PIC = 2 Pi (1 - Pi), where, Pi is the occurrence
frequency of the polymorphic band for each primer
(Roldan-Ruiz et al., 2000). The Dice similarity index
was determined using InfoGEN (2013) (Balzarini and
Di Rienzo, 2013). The relationship the between ra-
mets was evaluated by constructing a dendrogram
using the UPGMA algorithm and a similarity matrix
based on the Dice correlation cophenetic coefficient
(CCQC). This coefficient was assessed between differ-
ent similarity indices (Jaccard, Euclidean 2 and Dice)

at its highest value (r = 0.89) to test the best good fit.
Binary information was used to display the genetic
variation in a multidimensional scaling Plot (MDS).
AMOVA analysis was carried out to evaluate the mo-
lecular variation within the ramets.

RESULTS AND DISCUSSION

ISSR amplification

The ISSR primers generated a total of 61 amplified
fragments, with an average of 10 amplicons per prim-
er for the 31 samples (Tab. 2). The amplified product
sizes ranged between 300 and 3.500 bp, as reported
for other Citrus species with ISSR (Kumar ez a/., 2010).

The average PIC value observed for the six primers
was 0.42. For dominant markers such as ISSR; the
maximum value is 0.5 (Sehgal et al., 2009). In the
present study, every primer recorded a representative
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genetic variability across the samples; the 878 primer
displayed the highest PIC value (0.5), indicating the
usefulness of this marker for variation characteriza-
tion in C. reticulata. Primer 888 (Fig. 2) revealed the
lowest polymorphic information content (0.32).
Primers 880 and 864 (Fig. 3) were the most useful for
identifying two samples that shared the same allele,
indicating that these primers had a high level of con-
fidence for discriminating between the analyzed C.
reticulata species.

Genetic diversity analysis

Among the several indexes of similarity, the Dice co-
efficient was chosen as the most appropriate for the
ISSR markers since it has no genetic meaning with
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the coincidence of missing bands (Alburquerqueet al.,
2008). The range of the Dice similarity coefficients
varied from 0.0 to 0.68. The lowest genetic similarity
was between M1b/M2c and M1c/M2c¢, with a coef-
ficient of similarity of 0.68. M1b/M1c and M7a/M7b
were very similar genetically, with a 0.0 coefficient.
The genetic differentiation value indicated a more
significant proportion of the genetic variation within
the populations, as indicated by the AMOVA analysis
(89.6%). According to the Dice similarity matrix, the
samples obtained a high genetic correlation (0.46) on
average. These results were probably due to the fact
that the samples of each species were taken in trip-
licate for each crop and were collected in the same
geographical area (Villa Sucre), meaning a large part
of the C. reticulata samples are genetically related and
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Figure 2. Band profile of ISSR 888 in 31 C. reticulata. L samples: 1 kb molecular marker.
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Figure 3. Band profile of ISSR 864 in 31 C. reticulata. L samples: 1 kb molecular marker.
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there was little genetic diversity within the studied two subgroups (Fig. 4). Group 1 had the highest
populations. These results suggest that, although the number of samples in 2 subgroups, where the first
C. reticulata samples were geographically and geneti- subgroup (la) contained the standard sample (Mx)
cally related, there was moderate genetic diversity and the Nueva Esperanza farm (M3), indicating
within the populations. that this ramet displayed the highest genetic varia-
tion, followed by the commercial criolla mandarin
ramet. The second (Ib) subgroup held the M4 and
M5 samples, from the Pedregosa and La Pefionera
The correlation coefficient (r = 0.89) indicated good  farms. Group 2 brought together samples M7 (la Pal-
fit between the clusters in the dendrogram and the ma) and M8 (el Caimito). Samples M2 (Vega Rica)
matrices of similarity. The dendrogram grouped and M9 (Villa Clema) formed independent groups
the 31 C. reticulata samples into five groups and (Group V and III). The ramets from these farms

Relationship between populations

Table 2. Number of amplified bands, number of polymorphic bands, percentage of polymorphism, PIC value and amplification
range of each primer.

827 8 39 0.47 400-1,300 Pb
864 9 44 0.49 400-1,500 Pb
878 14 52 0.5 600 — 3,500 Pb
880 6 75 0.38 1,200 — 2,500 Pb
888 1 20 0.32 300 -2,500 Pb
890 13 23 0.35 300 -2,500 Pb
mean 10 42 0.42

060 052 043 035 026 017 009 0
Coeficiente de Dice

Figure 4. Dendogram of 31 creole mandarin (C. reticulata) samples based on the UPGMA grouping method and the Dice similar-
ity coefficient.
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were different from the others (plantation type), de-
veloped by sexual reproduction (seeds). M6 (farm H.
Chiquita) and M10 (farm H. Grande) did not group
with other samples, with samples M6c and M10a
included in Group IV. In general, the molecular re-
sults confirmed the classifications of the samples
based on the sampling zones and the morphological
characterization.

For instance, most of the samples from the Villa Sucre
farms tended to associate in a single group (M1, M2,
M3, M4, M5, M7, M8, M9). The analyses showed lit-
tle genetic variation within the species but moderate
variation between them. Hogbin and Peakall (1999)
suggested that a low level of population differentia-
tion can be explained by several factors, including the
reproduction system of the species, genetic drift, or
the geographical isolation of the populations. The an-
alyzed C. reticulata ramets are frequently gregarious
in nature and not only proliferate through seeds but
also through shoots. Therefore, populations in nature
are more homogeneous.

The MDS analysis calculated with the amplification
profiles of the 6 ISSR primers (Fig. 5) explained the
variation in two dimensions. These dimensions ex-
plain 47.5% of the total variability and revealed five
groups, in which individuals had a clear association
pattern, allowing specific discrimination. The coor-
dinate analysis supported the UPGMA dendrogram
cluster pattern, revealing that the spatially close pop-
ulations tended to be genetically similar (M7/M8)
and the more distant populations had little genetic
similarity (M1/M2). Since the species had cross-
breeding and most of the C. reticulata populations

SUAREZ-CONTRERAS / ARANGO-TOLOZA / SANCHEZ-PABON

were less than 1 km away, the geographical distance
between the samples may have played an important
role in the differentiation between the populations.
Sarwat and Srivastava (2008) indicated that geo-
graphically isolated populations accumulate genetic
differences as they adapt to different environmental
conditions. Likewise, Zong et al. (2008) suggested
that, in small and isolated populations, genetic drift
influences the genetic structure and increases the
differentiation between populations.

Although there are few studies in the Norte de
Santander region of Colombia there are several ge-
netic diversity studies from the Boyaca Department
that used RAM (Random Amplified Microsatellites)
markers on Solanum quitoense Lam. The data showed
high genetic variability for the area and suggested the
need for subdivision levels in the sampled ramets that
would allow better use of the genetic diversity in S.
quitoense from Neira’s province. Moreover, Morillo-
Coronado et al. (2017) used seven RAMs to show
that the cape gooseberry genetic diversity (Physalis
peruviana L.), an intraspecific variation that must be
conserved, for use in genetic improvement programs
for adapted materials with high quality agronomic,
nutritional and medicinal characteristics (Morillo-
Coronado et al., 2018). In addition, 30 mandarin (Cit-
rus reticulata) accessions from the Corpoica-Palmira
germplasm bank have been molecularly character-
ized with RAMS, random microsatellites, a tech-
nique that groups mandarin accessions according to
the reported types (Mandarino Satsuma, Mandarinos
Clementinos and hybridos) and is a useful molecular
tool for assessing genetic diversity in Citrus (Mora-
Vivas et al,, 2013).
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Figure 5. Multidimensional scaling plot analysis for 31 samples of C. reticulata in the Villa Sucre area.

Rev. Colomb. Cienc. Hortic.



MOLECULAR CHARACTERIZATION OF CREOLE MANDARIN

According to Lezcano (2018), SSR markers are more
effective than RAPD in closely related Citrus variet-
ies. This author suggested these markers are useful
for elucidating genetic diversity, determining kinship,
and revealing phylogenetic relationships between
various citrus species.

ISSR applications (Inter-Simple Sequence Repeats)
revealed polymorphisms in other studies on oranges
that made it possible to unequivocally differenti-
ate varieties of navel oranges and grapefruits. The
RAM (Random Amplified Microsatellites) technique
grouped accessions of white oranges, navel oranges
and grapefruits. The results can be used to identify
varieties of navel oranges. Molecular markers that
allow for the unequivocal distinction of varieties of
white oranges and grapefruits have not been found
(Ferndndez, 2018).

Other studies on citrus in other latitudes with ISSR
molecular markers have shown an average percentage
of polymorphic bands of 42%, which is comparable
with other results for citrus. For example, 15 ISSR
primers revealed a polymorphism of 54, 55 and 56%
in the species Citrus indica tanaka, Citrus latipes, and
Citrus medica, respectively (Kumar ez al,, 2010).

Joshi and Dhawan (2007) observed 42.5% poly-
morphism among 13 genotypes of Swertia chirayita.
However, other authors have observed higher per-
centages of genetic diversity in terms of the polymor-
phic information content, ranging from 85 to 100%
(Alburquerque et al., 2008; Marak and Laskar, 2010;
Rahimmalek et al., 2009; Shahsavar et al., 2007; Shil-
phaer al., 2013).

CONCLUSION

The present study estimated the genetic variation
between populations of C. reticulata from the Villa
Sucre area (Norte de Santander). The ISSR primers
were useful for differentiating closely related species,
demonstrating the lack of classification and identifi-
cation studies on citrus fruits in Norte de Santander
and in Colombia.

The results also showed that the analyzed samples
were intermingled, forming different groups inde-
pendent of their geographical affiliations. This pat-
tern of distribution of genetic variation among the
samples could have been generated by the free ex-
change of germplasm between the samples and the
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reproduction method used on the farms. On the
other hand, the small intraspecific genetic variation
could be explained by the fat that citrus species hy-
bridize easily.

C. reticulata has been widely used in citrus market-
ing systems in Colombia for a long time. Despite its
high potential, little or no attention has been paid
so far to preserving this species. Therefore, the pres-
ent study determined the level of genetic variation
between C. reticulata populations in the Villa Sucre
district (Norte de Santander). The ISSR primers were
an effective tool for differentiating closely related
species, confronting the problem of citrus classifica-
tion and identification in Norte de Santander and in
Colombia.

Conflict of interests: The manuscript was prepared
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who declare that there exists no conflict of interest
that puts at risk the validity of the presented results.

BIBLIOGRAPHIC REFERENCES

Alburquerque, J.A.C., S. Echeverrigaray, and T. Souza. 2008.
Genetic relationships among South American species
of Cunila D. Royen ex L. based on ISSR. Plant Syst.
Evol. 274, 135-141. Doi: 10.1007/500606-008-0037-8

Balzarini, M. and J. Di Rienzo. 2013. Info-Gen: Software
para andlisis estadistico de datos genéticos. Universi-
dad Nacional de Cérdoba, Cérdoba, Argentina.

Céamara de Comercio. 2019. Informes estudios econémicos.
Cadena de Citricos en Antioquia, Medellin, Colombia.

Cui, C., Y. Li, Y. Liu, X. Li, S. Luo, Z. Zhang, R. Wy, G. liang,
J. Sun, ]. Peng, and P. Tian. 2017. Determination of
genetic diversity among Saccharina germplasm using
ISSR and RAPD markers. C. R. Biol. 340, 76-86. Doi:
10.1016/j.crvi.2016.11.005

de la Rosa-Hernéndez, M., ].E. Wong-Paz, D.B. Mudiz-Mér-
quez, M.L. Carrillo-Inungaray, and ].M. Sanchez-Gon-
zélez. 2016. Compuestos fendlicos bioactivos de la
toronja (Citrus paradisi) y su importancia en la in-

dustria farmacéutica y alimentaria. Rev. Mex. Cienc.
Farm. 47(2), 22-35.

Ferndndez, J. 2018. Obtencién de marcadores moleculares
para la identificacién de variedades de naranjas navel.
Undergraduate thesis. Instituto Valenciano de Investi-
gaciones Agrarias, Universidad de Valencia, Burjassot,
Spain.

Heidari, E., M. Rahimmalek, S. Mohammadi, and M.H.
Ehtemam. 2016. Genetic structure and diversity of
ajowan (Trachyspermum ammi) populations based on
molecular, morphological markers, and volatile oil

Vol. 14 - No. 2 - 2020


https://doi.org/10.1007/s00606-008-0037-8
https://doi.org/10.1016/j.crvi.2016.11.005

176

content. Ind. Crops Prod. 92, 186-196. Doi: 10.1016/j.
indcrop.2016.08.014

Hogbin, PM. and R. Peakall. 1999. Evaluation of the contri-
bution of genetic research to the management of the

endangered plant Zieria prostrata. Conserv. Biol. 13(3),
514-522.

Joshi, P. and V. Dhawan. 2007. Analysis of genetic diversi-
ty among Swertia chirayita genotypes. Biol. Plant. 51,
764-768. Doi: 10.1007/510535-007-0156-z

Kremer, D., S. Bolari¢, D. Ballian, F Boguni¢, D. Stegevi¢,
K. Karlovi¢, I. Kosalec, A. Vokurka, J.V. Rodriguez, M.
Randi¢, N. Bezi¢, and V. Dunkié. 2015. Morphological,
genetic and phytochemical variation of the endemic
Teucrium arduini L. (Lamiaceae). Phytochemistry 116,
111-119. Doi: 10.1016/j.phytochem.2015.04.003

Kumar, S., S.N. Jena, and N.K. Nair. 2010. ISSR polymor-
phism in Indian wild orange (Citrus indica Tanaka,
Rutaceae) and related wild species in North-east
India. Sci. Hortic. 123, 350-359. Doi: 10.1016/j.
scienta.2009.10.008

Latorre, C., R. Rea, D. Sosa, S. Molina, J. Demey, R. Bri-
cefio, and O. De Sousa. 2013. Diversidad genética en
germoplasma de Saccharum spp. mediante el uso de
marcadores ISSR. Multiciencias 13(1), 7-15.

Lezcano, C.C. 2018. Caracterizacién genética de pomelo
‘PARANA’ mediante marcadores moleculares. MSc
thesis. Facultad de Ciencias Agrarias, Universidad Na-
cional del Nordeste, Corrientes, Argentina.

Liu, G.-D., G.-L. Chen, W. Li, and C.-X. Li. 2013. Genetic
and phytochemical diversities of Cynomorium songari-
cum Rupr. in Northwest China indicated by ISSR mar-
kers and HPLC-fingerprinting. Biochem. Syst. Ecol.
48, 34-41. Doi: 10.1016/j.bse.2012.12.004

Marak, C.K. and M.A. Laskar. 2010. Analysis of phenetic
relationship between Citrus indica Tanaka and a few
commercially important citrus species by ISSR mar-
kers. Sci. Hortic. 124(8), 345-348. Doi: 10.1016/j.
scienta.2010.01.014

Mateus-Cagua, D. and ]. Orduz-Rodriguez. 2015. Manda-
rina Dancy: una nueva alternativa para la citricultura
del piedemonte llanero de Colombia. Corpoica Cienc.
Tecnol. Agropecu.16(1), 105-112.

Medina-Medrano, J.R., N. Almaraz-Abarca, A.M. Sifuen-
tes-Rincén, and S. Molina-Moret. 2016. Potential of
ISSR to discriminate among species of Physalis (Sola-
naceae). J. Chem. Biol. Phys. Sci. 6(4), 1184-1195.

Mei, Z., X. Zhang, X. Liu, S. Imani, and J. Fu. 2017. Genetic
analysis of Canarium album in different areas of China
by improved RAPD and ISSR. C. R. Biol. 340(11-12),
558-564. Doi: 10.1016/j.crvi.2017.09.006

Mora-Vivas, S., Y. Morillo-Coronado, A.C. Morillo-Coro-
nado, A. Caicedo-Arana, and J.E. Munoz-Flores. 2013.
Caracterizacién molecular con microsatélites alea-
torios RAMs de 30 accesiones de mandarina (Citrus

Rev. Colomb. Cienc. Hortic.

SUAREZ-CONTRERAS / ARANGO-TOLOZA / SANCHEZ-PABON

reticulata) del banco de germoplasma de Corpoica-Pal-
mira. Investig. Agropecu. 10(2), 161-172.

Morillo-Coronado, A.C., J.A. Gonzélez-Castillo, and Y. Mo-
rillo-Coronado. 2018. Caracterizacién de la diversidad
genética de uchuva (Physalis peruviana L.) en Boya-
c4. Rev. Bio. Agro 16(1), 26-33. Doi: 10.18684/bsaa.
v16n1.631

Morillo-Coronado, A.C., Y.P. Tovar-Leén, and Y. Mori-
llo-Coronado. 2017. Characterization of lulo (Solanum
quitoense Lam.) genetic diversity in the departamento
of Boyacd, Colombia. Acta Agron. 66(3), 430-435. Doi:
10.15446/acag.v66n3.58997

Monfared, M.A., D. Samsampour, G.R. Sharifi-Sirchi, and
E Sadeghi. 2018. Assessment of genetic diversity in
Salvadora persica L. based on inter simple sequence re-
peat (ISSR) genetic marker. J. Genet. Eng. Biotechnol.
16(2), 661-667. Doi: 10.1016/j.jgeb.2018.04.005

Orduz, J., ]. Monroy, S. Barrera, V. Ntflez, and G. Ligarreto.
2012. Caracterizacién morfo-agronémica y molecular
de mandarina ‘Arrayana’ en el piedemonte del Meta
(Colombia). Cienc. Tecnol. Agropecuaria 13(1), 5-12.
Doi: 10.21930/rcta.vol13_numl_art:234

Palou, L., S.A. Valencia-Chamorro, and M.B. Pérez-Ga-
go. 2015. Antifungal edible coatings for fresh citrus
fruit: a review. Coatings 5(4), 962-986. Doi: 10.3390/
coatings5040962

Poyraz, I. 2016. Comparison of ITS, RAPD and ISSR from
DNA-based genetic diversity techniques. C. R. Biol.
339(5-6), 171-178. Doi: 10.1016/j.crvi.2016.04.001

Rahimmalek, M., B. Bahreininejad, M. Khorrami, B. Ebra-
him, and S. Tabatabaei. 2009. Genetic variability and
geographic differentiation in Thymus daenensis subsp.
daenensis, an endangered medicinal plant, as revealed
by Inter Simple Sequence (ISSR) markers. Biochem.
Genet. 47, 831. Doi: 10.1007/5s10528-009-9281-z

Ramirez, J., PJ. Ordéfiez, E. Narvéez, S.C. Pinzén, M.E
Martinez, N. Murcia, and S.M. Salazar. 2014. Princi-
pales caracteristicas y tendencias del mercado de citri-
cos en Colombia. Corpoica, Palmira, Colombia.

Roldén-Ruiz, I, J. Dendauw, E. Van Bockstaele, A. Depic-
ker, and M. De Loose. 2000. AFLP markers reveal high

polymorphic rates in ryegrasses (Lolium spp). Mol.
Breed. 6, 125-134. Doi: 10.1023/A:1009680614564

Sarwat, M. and P. Srivastava. 2008. Analysis of genetic di-
versity through AFLE, SAMPL, ISSR and RAPD mar-
kers in Tribulus terrestris, a medicinal herb. Plant Cell
Rep. 27(3), 519-528. Doi: 10.1007/500299-007-0478-5

Sehgal, D., VR. Rajpal, S.N. Raina, T. Sasanuma, and T.
Sasakima. 2009. Assaying polymorphism at DNA level
for genetic diversity diagnostics of the safflower (Car-
thamus tinctorius L.) world germplasm resources. Ge-
netica 135, 457-470. Doi: 10.1007/5s10709-008-9292-4


https://doi.org/10.1016/j.indcrop.2016.08.014
https://doi.org/10.1016/j.indcrop.2016.08.014
https://doi.org/10.1007/s10535-007-0156-z
https://doi.org/10.1016/j.phytochem.2015.04.003
https://doi.org/10.1016/j.scienta.2009.10.008
https://doi.org/10.1016/j.scienta.2009.10.008
https://doi.org/10.1016/j.bse.2012.12.004
https://doi.org/10.1016/j.scienta.2010.01.014
https://doi.org/10.1016/j.scienta.2010.01.014
https://doi.org/10.1016/j.crvi.2017.09.006
https://doi.org/10.18684/bsaa.v16n1.631
https://doi.org/10.18684/bsaa.v16n1.631
https://doi.org/10.15446/acag.v66n3.58997
https://doi.org/10.1016/j.jgeb.2018.04.005
https://doi.org/10.21930/rcta.vol13_num1_art:234
https://doi.org/10.3390/coatings5040962
https://doi.org/10.3390/coatings5040962
https://doi.org/10.1016/j.crvi.2016.04.001
https://doi.org/10.1007/s10528-009-9281-z
https://doi.org/10.1023/A:1009680614564
https://doi.org/10.1007/s00299-007-0478-5
https://doi.org/10.1007/s10709-008-9292-4

MOLECULAR CHARACTERIZATION OF CREOLE MANDARIN

Shahsavar, A.R., K. Izadpanah, E. Tafazoli, and B.E.S. Ta-
batabaei. 2007. Characterization of citrus germplasm
including unknown variants by inter-simple sequence
repeat ( ISSR ) markers. Sci. Hortic. 112(8), 310-314.
Doi: 10.1016/j.scienta.2006.12.039

Shilpha, J., T. Silambarasan, S.K. Pandian, and M. Ramesh.
2013. Assessment of genetic diversity in Solanum trilo-
batum L., an important medicinal plant from South In-
dia using RAPD and ISSR markers. Genet. Resour. Crop
Evol. 60, 807-818. Doi: 10.1007/510722-012-9951-2

Souza, C.PE, C.E Ferreira, E.H. de Souza, A.R.S. Neto, ]. M.
Marconcini, C.A.S. da Silva Ledo, and EV.D. Souza.
2017. Genetic diversity and ISSR marker association
with the quality of pineapple fiber for use in indus-
try. Ind. Crops Prod. 104, 263-268. Doi: 10.1016/].
indcrop.2017.04.059

Sudrez, L., and A. Osorio. 2017. Estandarizacién de un pro-
tocolo facil para la Extraccién de ADN en Citricos. In:
I Congreso Internacional de Biotecnologia. Universi-
dad Francisco de Paula Santander, Cucuta, Colombia.

Tiwari, V., B. Meena, K.N. Nair, D.K. Upreti, S. Tamta, and
T.S. Rana. 2016. Assessment of genetic diversity and
population structure of Bergenia stracheyi (Saxifraga-
ceae) in the Western Himalaya (India). Biochem. Syst.
Ecol. 70, 205-210. Doi: 10.1016/j.bse.2016.12.001

Tomar, R.S., M.V. Parakhia, V.M. Rathod, J.R. Thakkar,
S.M. Padhiyar, V.D. Thummar, H. Dalal, V.V. Kothari,
J. Kheni, R-.M. Dhingani, P. Sabara, and B.A. Golakiya.
2017. Molecular mapping and identification of QTLs

177

responsible for charcoal rot resistance in Castor (Ri-
cinus communis L.). Ind. Crops Prod. 95, 184-190. Doi:
10.1016/j.indcrop.2016.10.026

Valera, E 2018. Importancia y distribucién de los citricos. In:
Tecnoagro, Avances Tecnoldgicos y Agricolas 124, ht-
tps://tecnoagro.com.mx/no.-124/importancia-y-dis-
tribucion-de-los-citricos; consulted: May, 2019.

Venkat, S.K., P. Bommisetty, M.S. Patil, L. Reddy, and A.
Chennareddy. 2014. The genetic linkage maps of
Anthurium species based on RAPD, ISSR and SRAP
markers. Sci. Hortic. 178, 132-137. Doi: 10.1016/].
scienta.2014.08.017

Zheng, P, K. Zhang, and Z. Wang. 2011. Genetic diversity
and gentiopicroside content of four Gentiana species in
China revealed by ISSR and HPLC methods. Biochem.
Syst. Ecol. 39, 704-710. Doi: 10.1016/.bse.2011.06.002

Zong, M., H.-L. Liy, Y.-X. Qiu, S.-Z. Yang, M.-S. Zhao, and
C.-X. Fu. 2008. Genetic diversity and geographic diffe-
rentiation in the threatened species Dysosma pleiantha

in China as revealed by ISSR analysis. Biochem. Genet.
46(3-4), 180-196. Doi: 10.1007/510528-007-9141-7

Zou, Z., W. Xi, Y. Hu, C. Nie, and Z. Zhou. 2015. Antioxi-
dant activity of Citrus fruits. Food Chem. 196, 885-
896. Doi: 10.1016/j.foodchem.2015.09.072

Zvyagina, N.S.; O.V. Dorogina, and P. Catalan, 2016. Gene-
tic relatedness and taxonomy in closely related species
of Hedysarum (Fabaceae). Biochem. Syst. Ecol. 69, 176-
187. Doi: 10.1016/].bse.2016.10.001

Vol. 14 - No. 2 - 2020


https://doi.org/10.1016/j.scienta.2006.12.039
https://doi.org/10.1007/s10722-012-9951-2
https://doi.org/10.1016/j.indcrop.2017.04.059
https://doi.org/10.1016/j.indcrop.2017.04.059
https://doi.org/10.1016/j.bse.2016.12.00
https://doi.org/10.1016/j.indcrop.2016.10.026
https://tecnoagro.com.mx/no.-124/importancia-y-distribucion-de-los-citricos
https://tecnoagro.com.mx/no.-124/importancia-y-distribucion-de-los-citricos
https://tecnoagro.com.mx/no.-124/importancia-y-distribucion-de-los-citricos
https://doi.org/10.1016/j.scienta.2014.08.017
https://doi.org/10.1016/j.scienta.2014.08.017
https://doi.org/10.1016/j.bse.2011.06.002
https://doi.org/10.1007/s10528-007-9141-7
https://doi.org/10.1016/j.foodchem.2015.09.072
https://doi.org/10.1016/j.bse.2016.10.001

