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ABSTRACT

Cordoba (Argentina) has 4,484 ha dedicated to olive cultivation. The orchards
established in the last century were characterized by low planting density and
heterogeneous varietal constitution with dubious names. To solve this problem,
it is possible to use genetic markers that allow materials to be characterized
and identified. The objectives of the work were: to characterize and identify,
using microsatellites, local olive genotypes from the Department of Cruz del
Eje and to determine the intravarietal diversity of plants called Arbequina,
Arauco and Manzanilla varieties. Olive plants, selected for yield, fruit quality
and/or good response to biotic and abiotic stress, were analyzed together with
accessions from the Olive Collection of INTA Junin (Mendoza, Argentina) and
the World Germplasm Bank (Cérdoba, Spain) with known identity. The diversity
of genotypes associated with the reference cultivars Arauco, Manzanilla and
Arbequina was determined with seventeen microsatellites. Six local genotypes
were identified. The most polymorphic microsatellites were Gapu 103A and
UDO43 and the least informative Gapu 71B and EMO 90. The Gapu 71B
microsatellite differentiated Nevadillo Negro from the rest of the materials.
The genotype called “Arauco Olly” presented the same genetic profile as the
“Arauco Centenario” cultivar and the genotype locally called “21 Kg” was
identified.
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RESUMEN

Cérdoba (Argentina) cuenta con 4.484 ha dedicadas al cultivo del olivo. Las
huertas establecidas en el siglo pasado se caracterizaron por baja densidad
de plantacion y una constitucion varietal heterogénea con nombres inciertos.
Para solucionar este problema, es posible utilizar marcadores genéticos que
permitan caracterizar e identificar materiales. Los objetivos del trabajo fueron:
caracterizar e identificar, mediante microsatélites, genotipos locales de olivo del
Departamento Cruz del Eje y determinar la diversidad intravarietal de plantas
denominadas variedades Arbequina, Arauco y Manzanilla. Se analizaron plantas
de olivo, seleccionadas por rendimiento, calidad de fruto y/o buena respuesta
a estreses bidticos y abidticos, junto con accesiones de la Coleccion de Olivo
del INTA Junin (Mendoza, Argentina) y del Banco Mundial de Germoplasma
(Cérdoba, Espafia), de identidad conocida. La diversidad de genotipos
asociados a los cultivares de referencia Arauco, Manzanilla y Arbequina
se determiné con diecisiete microsatélites. Se identificaron seis genotipos
locales. Los microsatélites méas polimérficos fueron Gapu 103A y UDO43 y los
menos informativos Gapu 71B y EMO 90. El microsatélite Gapu 71B diferencio
a Nevadillo Negro del resto de materiales. El genotipo denominado “Arauco
Olly” present6 el mismo perfil genético que el cultivar “Arauco Centenario” y se
identificé el genotipo denominado localmente “21 Kg”.
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INTRODUCTION

The olive tree (Olea europaea L.) is one of the
iconic tree species of the Mediterranean basin. Six
subspecies are currently recognized according
to their morphological characters and geographic
distribution (Green, 2002). The subspecies
cuspidata is widespread in Africa and Asia,
subsp. laperrinei is present in the Sahara Desert,
maroccana mainly in Morocco, guanchica in the
Canary lIslands, cerasiformis in Madeira and the
subspecies europaea is distributed throughout
the Mediterranean basin. The latter is divided into
two botanical varieties: the var. europaea to which
the cultivated olive belongs and the var. sylvestris
which corresponds to the wild olive or wild olive
tree (Fanelli et al., 2022; Green, 2002) and which
gave rise to the former about 6000 years ago in the
northeastern region of the Mediterranean Levant
(Fanelli et al., 2022).

Cultivated olives are intended for the production
of oil and table or canned olives, as a consequence
of the domestication and selection of more
productive trees adapted to different environmental
conditions, there are currently more than 2000
cultivars. However, the International Olive Council
(IOC) estimates that 85 % of world olive production
is explained by the cultivation of only 139 cultivars
in 23 countries (Fanelli et al., 2022; I0C, 2000).

Argentina is a country with an important
commercial activity in olive growing, this country
being the main producer of table olives and oil in
Latin America (Gémez del Campo et al., 2010), this
is partly due toits favorable agro-climatic conditions.
In addition, Argentina has olive germplasm banks
in different official institutions, among which the
collections of the National Institute of Agricultural
Research (INTA), located in the provinces of
Mendoza, Catamarca, La Rioja and San Juan,
stand out for their age and number of accessions.
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Recently, the germplasm bank of San Juan has
been recognized by the I0C, incorporating it into
the world network together with those of Spain
(for the European continent), Morocco (for Africa)
and Turkey (for Asia) (I0OC, 2023). The collection
has three nuclei and more than 100 cultivars of
different origin and commercial destination (oil
and table olives), which are distributed over fifteen
hectares, making it the reference germplasm bank
for the entire American continent and the southern
hemisphere (I0C, 2023). (Figure 1).

The olive collection of INTA Junin Mendoza,
started in the middle of the last century, although
smaller in size, has accessions from Argentina, the
USA and the Mediterranean basin, also constituting
an important site for the reference of varieties
(Banco et al., 2020). These collections contain
excellent materials and constitute a valuable
safeguard of the biodiversity of the species in the
country.

The objective of these germplasm banks is
to avoid the loss of variability and to guarantee
the survival of the species in front of possible
catastrophes of various kinds, such as that
currently caused by the Xylella fastidiosa
bacterium and the effects of climate change. The
protection of germplasm collections is important,
as they are the genetic reservoir of exotic species
and landraces. Also, the genetic characterization
of their accessions allows the determination
of type conformity and detection of gene flow,
the establishment of reference profiles, the
identification of duplicates and errors in labeling,
the detection of diversity and the determination
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of the coefficient of relationship in a collection. In
addition, characterization highlights the expression
of highly heritable morphological, physiological
and agronomic traits, including agrobotanical
traits. This information is essential to distinguish the
accessions of a collection from each other (Food
and Agriculture Organization of the United Nations
[FAQ], 2014). According to Baccino et al. (2013),
the 10C has defined morphological and molecular
markers as the varietal identification methodology
for olives. This allows not only to corroborate the
varietal identity of imported material, but also to
postulate the identity of those materials present in
olive groves of ancient date. Currently, in order to
maintain international quality standards for oil and
table olive production, it is necessary to certify and
guarantee the varietal identity of the raw material
from which they have been produced, particularly
those that are internationally recognized.

Argentina is the leading producer of olive oil and
table olives in South America, with an estimated
production for the 2020/2021 season of 30,000 tons
of oil and about 78,000 tons of table olives (I0C,
2019).

Although the most cultivated varieties in the
country come from Spain and ltaly, and in many
cases have kept their original names, there are
still planted genotypes whose origin and varietal
identity is uncertain (Cavagnaro et al., 2001). The
uncertainty of identity originates in part from the
anthropic action of plant multiplication and selection
in search of olive genotypes of higheragronomic and
commercial value, but of doubtful varietal identity
(Gémez del Campo et al., 2010). In the Argentinian

Figure 1. International Olive Council Network, adapted from Rallo (2020)



AGRISCIENTIA

territory, the province of Cérdoba devotes 4,484 ha
to olive cultivation, of which 2,999 ha (66.88 %) are
allotted to oil varieties and 1485.2 ha (33.12 %) to
table olives (Instituto Nacional de Estadisticas y
Censos de la Republica Argentina [INDEC], 2021).
Cruz del Eje department, northwest of the province
(80° 43" 22" S -64° 48" 30 W), concentrates the
largest area, coexisting orchards with traditional
type plantations from the middle of the last century,
with more recent ones of higher planting density
and varietal homogeneity. Arbequina, Frantoio
and Picudillo are among the varieties destined
for oil production, while Manzanilla, Arauco,
Nevadillo, Farga, Empeltre and Ascolano, are
the main varieties destined for table and canned
olive production (Consejo Federal de Ciencia y
Tecnologia [COFECYT], 2016). Arbequina, Arauco
and Manzanilla are cultivars that are particularly
important due to their international acceptance
given the quality of their oils and/or table olives
(Gémez-Escalonilla et al., 2006).

In Argentina, the Arauco cultivar has been
valued since ancient times and its origin dates
back to the Spanish colonization stage, being the
town of Arauco, province of La Rioja, the place
where the first plantations were made and where it
found the best conditions for its development. The
“quatricentennial” olive tree, declared a National
Historic Monument in 1980, is a witness to that era
(Matias et al., 2010). At present, the area planted
with Arauco has decreased in relation to other
cultivars that make up the “Manzanilla” varietal
complex, which includes several types that could be
different varieties, such as “‘Manzanilla de Sevilla”,
“Manzanilla Criolla”, “Manzanilla Fina”, “Manzanilla
Reina”, “Manzanilla Comun” “Manzanilla Aceitera”,
“Manzanilla Denett”, “Manzanilla Californiana”,
“Manzanillaisraeli” (Gémez del Campo et al., 2010).
Although Arauco maintains its importance due to
the strong demand in the Argentine and Brazilian
markets, sanitary factors that affect it and official
measures to promote varieties of international
recognition explain these changes.

Given the wide range of olive tree varieties and
the fact that it is a woody species that begins to
bear fruit from the second year after planting, it is
essential to make the right choice of cultivar and
to guarantee the varietal identity of the starting
plant material in order to meet the interests of the
producer. This makes it possible, for example,
to certify and guarantee the traceability of oils,
differentiating them from those that arise from a
non-specific composition of varieties (Montealegre
et al, 2010). Thus, in northwestern Argentina,
where high temperatures can sometimes affect
fat yield and oleic acid content in oils produced

from cultivars such as Arbequina, blending with
other high content oils from certified cultivars, for
example Coratina and Picual, makes it possible
to meet the requirements of the I0C (Gémez del
Campo et al., 2010).

The characterization and identification of olive
cultivars can be done with genetic markers, both
morphological and molecular. The former are often
only possible to evaluate at the level of the whole
plant when it reaches its adult stage and can be
strongly influenced by the environment. For this
reason, methods have been developed that allow
the identification and characterization of varieties
based on the use of molecular markers (Fendri,
2011).

In the particular case of olive, DNA markers
have been used for the characterization and
identification of cultivars and for studies of inter
and intra-cultivar genetic variation (Abdelhamid
et al., 2013; Las Casas et al.,, 2014; Sastre et
al., 2015), of determination of genetic diversity
(Beghé et al., 2015) and of construction of linkage
maps (De la Rosa et al., 2003), among others. The
IOC genebank network currently has more than
1700 accessions, of which more than 1000 have
been authenticated both morphologically and
molecularly, using microsatellites (SSR) (Abdelkrim
et al., 2021). The use of this type of molecular
markers has contributed to solve problems of
frequent homonymies and synonymies in the olive
varietal panorama (Barranco et al., 2000).

In the traditional orchards of Cruz del Eje
department, it is possible to find a set of different
cultivars in the same plot whose denomination is
confusing and there are even genotypes derived
from seed rootstocks, due to loss of grafting, whose
origin is uncertain.

The objectives of the present work were to
molecularly characterize and identify olive (Olea
europaea L.) genotypes from the NW region of the
province of Cérdoba, Argentina, and to determine
the intravarietal diversity of genotypes associated
with the reference cultivars Arauco, Manzanilla and
Arbequina.

MATERIALS AND METHODS

Plant material

Characterization of local genotypes

Ten individuals corresponding to genotypes
of uncertain identity were analyzed. The set of
plants was located in different orchards in the
department of Cruz del Eje. These orchads were
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called: EI Condor (EC), 4 Soles (4S), Ollantay (Olly)
and Las Playas (LP). This set was named “local
genotypes” and their names had been assigned by
the producers based on the phenotypic similarity
of its fruits with commercial cultivars of known
name and their location in the different orchards.
All the genotypes studied have been assigned
names by the producers for their phenological
characteristics. These are the names and their
location: Genotype 1. Arbequina 21 Kg (EC);
Genotype 2: Arbequina (4S). The remaining
genotypes were named Genotype 3, G3 (Olly) for
their similar characteristics to Arauco. Genotypes
G4 (EC) and G5 (LP) had previously been called
Ascolano (EC) and Empeltre (LP). Genotypes G6
(LP) and G7 (4S) had been named Farga (LP) and
Frantoio (4S) by the producers. Genotypes G8
(4S) and G9 (4S) were named Manzanilla 4 Soles
and Manzanilla Gigante (4S), respectively. Finally,
G10 (4S) had previously been assigned the name
Nevadillo 4 Soles.

In addition to the above genotypes, a specimen
located on the premises of the National University
of Cérdoba (UNC) (Cdérdoba, Argentina), Oblonga
(UNC), was studied together with seven plants
with confirmed identity belonging to the Coleccién
de Olivos de Junin, Mendoza (COM) (Agricultural
Experimental Station of the National Institute of
Agricultural Technology), and one DNA sample
from the World Olive Germplasm Bank of Cérdoba
(WOGBC), Spain (Table 1).

Intravarietal diversity

In order to determine the intravarietal diversity
of genotypes closely phenotypically related to
the Arauco, Manzanilla and Arbequina varieties,
three groups were formed. The “Arauco complex”
included local genotypes G3 (Olly) and G11 (EC),
and the varietal reference Arauco Centenario
(AraCen) and the clones related to Arauco from
Junin, Mendoza (AraJM.COM) Criolla Salvarredi
(CSa.COM) and Criolla San Martin (CSM.COM)
deposited in the collection of Junin, Mendoza.

Table 1. Olive genotypes/cultivars from Cruz del Eje, Cérdoba, and reference varieties from the World Bank (WOGBC) of Cérdoba (Spain)

and the Junin Experimental Station (Mendoza) of INTA (COM)

Local Genotypes/cultivars

Reference varieties

Denomination Acronymo Location Denomination Acronymo Location
Arbequi- El Céndor (30° 48’ 50”
na—21qK G1(EC) S,65°6 7" W) Arbeauina Arb. WOGBC Coérdoba- Espafia
e ui%a 45 G2(4S) 4 Soles (30° 48 50” S, g Arb.COM  Junin- Mendoza
a 65°6 7" W)

Ollantay (30° 38’ 52" S . . .
Arauco Ollantay G3(Olly) 64° 55" 11" W) Aéa.uﬁo gelntena(rjp CAga'ggr,l/l sz RlpJaMArgsntma
Arauco EC G11(EC)  EICondor (30° 48’ 50 rlofa saivarredi a. unin-vencoza

o pr o Criolla San Martin CSM.COM  Junin- Mendoza
S,65°6" 7" W)

El Condor (30° 48’ 50”
Ascolano EC G4(EC) S, 65°6' 7" W) Ascolano

Las Playas (30° 39" 41”
Empeltre LP G5(LP) S, 64° 54’ 33" W) Empeltre

Las Playas (30° 39" 41” .
Farga LP G6(LP) S, 64° 54’ 33" W) Farga Fa.COM Junin- Mendoza

Las Playas (30° 39’ 41”
Frantoio 4S G7(¢'IP|2 S, 64° 54’ 33" W) FCA Frantoio Fr. WOGBC Coérdoba- Espana
Oblonga-FCA  Oblonga (FCA) (31° 26’ 27,82” S; 64° Fr.COM Junin- Mendoza

11705,76" W)
MaSev.
Manzanilla Sevilla Manza- WOGBC

Manzanilla 4S

. X G8(4S) 4 Soles (30° 48’ 50” S,
Manzanilla Gi- 0~ g
gante 4S G9(4S) 65°6' 7" W)
Nevadillo 4S G10(4S)

65°6 7" W)

nilla Aceitera Manzanilla MaAc.COM
Imperial Manzanilla 2 Her- Ma.Im.COM
manas Manzanilla Espa-
fiola Manzanilla Carmona Ma.Es.COM

4 Soles (30° 48’ 50” S, Nevadillo Blanco Nevadillo NevB.COM

Cérdoba- Espana

Ma.2H.COM Junin- Mendoza

MaCa.COM

Junin- Mendoza

Negro NevN.COM

References: local genotypes/cultivars from Cruz del Eje: G1 (EC), G2 (4S), G3 (Olly), G4 (EC), G5 (LP), G6 (LP), G7 (LP), G8 (FCA), G9
(4S), G10 (4S). Varieties: (WOGBC) Worldwide Olive Germplasm Banks Cérdoba Spain; Olivos Collection, Junin, Mendoza, Argentina

COM.
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The “Manzanilla complex” consisted of genotypes
G8 (4S) and G9 (4S) and the varietal references
Manzanilla de Sevilla from the World Bank of Olive
Germplasm, Cérdoba, Spain (MaSe.WOGBC),
Manzanilla Imperial (Malm.COM), 2 Hermanas
(Ma2H.COM), Espafiola (MaEs.COM), Carmona
(MaCa.COM) and Manzanilla Aceitera (MaAc.COM)
from the Junin collection, Mendoza. The “Arbequina
Complex” comprised the local genotypes G1 (EC)
and G2 (4S), together with the Arbequina references
from the Junin collection, Mendoza (Arb.COM) and
from the World Bank of Olive Germplasm, Cérdoba,
Spain (Arb.WOGBC) (Table 1).

DNA extraction

Plant material for molecular characterization was
collected in spring and early summer. Branches of
15-20 cm were kept at 4 °C for one or two days,
to be processed in the laboratory. DNA extraction
of all materials was performed from young leaves
using the protocol of Doyle and Doyle (1990).
DNA from Arbequina (Arbe. WOGBC), Frantoio (Fr.
WOGBC) and Manzanilla Sevilla (MaSe.WOGBC)
were provided by WOGBC Cordoba, Spain.

The quality of DNA was evaluated by
electrophoresis in 1 % agarose gels with TAE
1X buffer at 100V (cte.) for 30 min. The DNA
was visualized under UV light, after staining
in ethidium bromide solution (Br. Et.. 1mg/
ml) and the concentration was determined by
spectrophotometry (DeNovix Inc., Wilmington,
USA).

Microsatellites and Polymerase Chain Reaction
(PCR)

The genetic characterization of the materials
under study was performed using ten consensus
microsatellites from the DCA (03, 05, 09, 14,
18) (Sefc et al.,, 2000), GAPU (71B, 101, 103A)
(Carriero et al., 2002), EMO90 (De la Rosa et al.,
2004) and UDO43 (Cipriani et al., 2002) series.
These microsatellites were selected for their
repeatability, consistency, and effectiveness for
cultivar discrimination (Baldoni et al., 2009).

To explore intravarietal diversity in materials
closely phenotypically related to the reference
varieties, the “Arauco complex” was analyzed with
microsatellites of the DCA series (03, 05, 09, 14,
18). The “Manzanilla” and “Arbequina” complexes
were also analyzed. The Manzanilla complex was
studied with a group of thirteen highly polymorphic
microsatellite loci from the DCA (03, 08, 09, 10,
16), IAS-Oli (22, 23, 26, 27), UDO (43) and GAPU

(71B, 101, 103A) series (Baldoni et al., 2009 and
Diaz et al., 2006); while the “Arbequina complex”
was analyzed with fourteen microsatellites from the
DCA series (05, 08, 09, 10, 11, 14, 16,) IAS-Oli (22,
23, 26, 27), GAPU (101, 103A) and EMO 90.

Table 2 details the sequence of the microsatellites
used in this work, the hybridization temperature
used and the size in bp (range) obtained in the
cited bibliography. Amplifications by PCR, were
performed in a final reaction volume of 20 pl
according to the following concentrations of each
component: 1 pl template DNA (10-20 ng/ul); Taq
polymerase buffer, 1X; dNTP, 0.2 mM; primers, 1 uM
of each; 1U of Tag polymerase enzyme (Promega).

The cycling conditions for the primers or SSR
DCA 03-05-09-14-18 were those cited by Sefc et al.
(2000). For the SSR EMO 90, the PCR temperatures
were described by De la Rosa et al. (2003). For SSR
GAPU 71B, 101 and 103, the cycling values were
stated by Carriero et al. (2002) and for UDO 43 the
conditions were those cited by Cipriani et al. (2002).
For primers DCA 03, 05 and 09, slight modifications
in the number of cycles were introduced in order to
resolve the appearance of nonspecific bands.

All amplifications were performed on a PCR
MasterCycler Thermal Cycler model 5333
(Eppendorf Hamburg, Germany). PCR reactions
were repeated at least twice from different DNA
extractions.

The amplified products were separated
by vertical electrophoresis on discontinuous
polyacrylamide gels (SDS-PAGE) with a final
concentration of 15 % for the resolving gel and
5 % for the stacking gel, in 1X Tris glycine buffer
at 100 V (constant voltage) for 16 h. The amplified
DNA was visualized under UV light, after staining
with ethidium bromide (1mg/ml), and the results
were documented using an image capture system
(DigiDoc-It [UVP] Analytik Jena US LLC, Upland,
California).

The processing of the images and the
determination of the size of each band, in base
pairs (bp), was performed with the free software
PB2 (Verga, 2007). The assignment of the value of
each band was performed considering previous
work by Doveri et al. (2008), Baldoni et al. (2009)
and data published at http://www.oleadb.it.

References: SSR repeat motifs, primer
sequences (5’-3’), and sizes of cloned alleles ac-
cording to Bibliography. Ta: Hybridization tempera-
tures used in this work.
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Analysis of genetic variability

Data were statistically analyzed using the Info-
Gen program (Balzarini and Di Rienzo, 2018). The
molecular information obtained was evaluated
with the following summary measures: number
of alleles per locus, allele frequencies, genotypic
frequencies, observed heterozygosity (Ho) or
by direct counting. Nei’'s unbiased or expected
heterozygosity (He) and polymorphic information
content (PIC) were also calculated.

Analysis of local genotypes

To perform an exploratory study of the genetic
structure present in the group of genotypes under
examination from the data obtained with the ten
microsatellites, a Roger's distance matrix was
generated and multivariate statistical techniques,
such as principal coordinate analysis (PCoordA),
principal component analysis (PCA) and cluster
analysis, were applied.

Intravarietal diversity of genotypes

In order to know the intravarietal diversity in the
Arauco, Manzanilla and Arbequina complexes, the
local genotypes/cultivars were compared with the
respective reference materials to establish distance
relationships, principal coordinate analysis and
principal component analysis.

RESULTS AND DISCUSSION

Characterization of local genotypes by micro-
satellite markers

The province of Cérdoba has traditional olive
groves planted in the middle of the last century and
characterized by their heterogeneous composition
and uncertain varietal origin given that there are also
genotypes derived from seed rootstocks, which
had graft loss. According to Gémez del Campo et
al. (2010), the uncertainty of identity originates in
part from the anthropic action of multiplication and
selection of plants in search of olive genotypes of
greater agronomic and commercial value, but of
doubtful varietal identity. Local producers assigned
names to the material present in the commercial
orchards based on fruit quality, regularity in
production and better response to stress caused
by adverse biotic and abiotic factors, compared to
other plants of known varietal identity in the same
plot. This situation generated uncertainty about
the correct denomination of the local accessions.

Because of this, the study of the genetic variability
of the olive tree (Olea europaea L.) is important
both for the design of breeding programs and for
conservation and to avoid duplications that lead to
increased maintenance time and costs. Therefore,
to distinguish the accessions of a collection from
each other and for the varietal identification of olive
trees, the |OC determined that this should be done
by morphological and molecular markers (FAO,
2014; Baccino et al., 2013). In the present work,
the molecular characterization and subsequent
identification of olive (Olea europaea L.) genotypes
from the NW region of the province of Cérdoba
(Argentina) was carried out and the intravarietal
diversity of genotypes associated with the reference
cultivars Arauco, Manzanilla and Arbequina was
determined.

From the DNA corresponding to the individuals
analyzed, the selected primers amplified SSR’s
with bands of equal size or within the expected
range as proposed by the bibliography and data
published in the Olea database. Table 3 shows the
allelic profiles obtained for each local genotype
and for the reference varieties using ten consensus
microsatellites. For all of them, amplifications were
obtained in the 20 DNA samples analyzed. In the
reference varieties Arb.COM, Fa.COM, FrWOGBC,
Fr.COM, MaSe. WOGBC and in the local genotypes
related to them, size bands in bp similar to those
published in Olea database were obtained for
the microsatellites Gapu71B, EMO90, Gapu101
and Gapu103A loci. The UDO43 loci amplified
band sizes (alleles) in a range between 160 and
214 bp, similar to those obtained by Torkzaban et
al. (2015). In the remaining five loci (DCA 03, 05,
09, 14 and 18), band sizes similar to those were
published by Bandelj et al. (2002), Mantia, et al.
(2005), Montemurro et al. (2005), Sarri et al. (2006),
Muzzalupo et al. (2008) and Rekik et al. (2008).

Local genotypes/cultivars: from Cruz del
Eje: Genotypes EC, 4S, Olly, LP; from Cérdoba:
Genotype Oblonga, FCA, UNC. Reference varieties
from Worldwide Olive Germplasm Banks Cérdoba,
Spain (WOGBC): Frantoio (FrWOGBC), Manzanilla
de Sevilla (MaSe.WOGBC), from Olivos Collection,
Junin, Mendoza, Argentina (COM): Arbequina
(Arbe.COM), Arauco Centenario (AraCen), Farga
(Fa.COM), Frantoio (Fra.COM), Manzanilla Aceitera
(MaAc.COM), Nevadillo Blanco, (NeB.COM),
Nevadillo Negro (NeN.COM). In this analysis,
reference DNA from Arbequina referring to the
(WOGBC) was not included.

Summary measures of genetic variability:
He (expected heterozygosity), Ho (observed
heterozygosity) and PIC (polymorphic information
content) of local genotypes of Cruz del Eje olive
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Table 3. Allelic profiles, expressed in base pairs, of the olive genotypes from Cruz del Eje and the reference varieties analyzed with 10

SSR

Genotypes/cultivars

and reference DCA03 DCA05 DCA09 DCA14

DCA18 GAPU71B EMO90 GAPU101 GAPU103 UDO43

varieties

Arbe.COM 241-253 217-217 177-198 196-231 162-171 123-141 184-189 183-204 147-155 178-214
G1(EC) 241-253 217-217 177-198 196-231 162-171 123-141 184-189 183-204 147-155 178-214
G2 (49) 241-253 217-217 177-198 196-231 162-171 123-141 184-189 183-204 147-155 178-214
AraCen 235-261 250-255 177-187 196-231 167-177 123-141 181-181 196-206 133-149 178-214
G3 (Olly) 235-261 250-255 177-187 196-231 167-177 123-141 181-181 196-206 133-149 178-214
G4 (EC) 247-264 255-255 187-200 196-231 159-169 123-141 181-181 200-206 143-155 178-214
G5 (LP) 259-264 220-220 177-200 163-185 167-171 129-129 184-189 200-216 172-183 178-214
Fa.COM 253-259 220-255 181-200 163-185 167-174 125-125 189-189 198-198 149-172 182-206
G6 (LP) 253-259 220-255 181-200 163-185 167-174 125-125 189-189 198-198 149-172 182-206
FrwOGBC 241-259 217-217 174-196 188-216 169-187 123-141 184-189 186-200 159-170 172-206
Fra.COM 241-259 217-217 177-198 190-218 169-187 123-141 184-189 186-200 159-170 172-203
G7 (4S) 241-259 217-217 177-198 190-218 169-187 123-141 184-189 186-200 159-170 172-203
Oblonga-FCA 241-259 217-217 177-198 190-218 169-187 123-141 184-189 186-200 159-170 172-203
MaSe . WOGBC 253-264 250-255 158-198 193-216 169-177 123-141 186-186 200-216 135-149 160-197
MaAc.COM 253-264 225-225 187-198 157-157 169-177 125-141 184-184 196-216 159-177 170-170
G8 (49) 253-264 225-225 187-198 163-190 169-177 125-141 184-184 196-216 159-177 172-203
G9 (49) 247-264 253-253 187-198 185-221 159-169 123-141 186-186 200-206 139-177 172-197
NeB.COM 247-253 248-255 158-198 185-185 169-177 123-141 186-186 200-216 135-149 157-197
NeN.COM 247-264 248-248 158-177 190-221 169-177 121-127 186-186 200-216 135-149 170-194
G10 (4S) 257-299 217-217 158-198 188-211 169-169 123-141 184-184 200-206 170-181 157-197

Local genotypes/cultivars: from Cruz del Eje: Genotypes EC, 4S, Olly, LP; from Cérdoba: Genotype Oblonga, FCA, UNC. Reference va-
rieties from Worldwide Olive Germplasm Banks Cérdoba, Spain (WOGBC): Frantoio (FrWOGBC), Manzanilla de Sevilla (MaSe. WOGBC),
from Olivos Collection, Junin, Mendoza, Argentina (COM): Arbequina (Arbe.COM), Arauco Centenario (AraCen), Farga (Fa.COM), Fran-
toio (Fra.COM), Manzanilla Aceitera (MaAc.COM), Nevadillo Blanco, (NeB.COM), Nevadillo Negro (NeN.COM). In this analysis, referen-
ce DNA from Arbequina referring to the (WOGBC) was not included.

trees and COM reference plants are presented in
Tables 4 and 5.

At loci DCAO5 and EMO90 of Cruz del Eje
genotypes, Ho was lower than He. The same trend
was observed for cultivars from the olive collection
(COM) for primers DCAO5, DCA14, EMO90 and
UDOA43. Regarding the differences found between
Ho and He in the loci corresponding to DCAO5
and EMO90 in local EC genotypes, and in the loci
DCAO05, EMO90, DCA14 and UDO43 of the .COM
varieties, these could be attributed to the presence
of null alleles, i.e., the allele is present but does
not amplify probably due to the occurrence of a
mutation at the site of hybridization with the primer
and the individual is classified as homozygous
(Bello Pigem, 2001).

A lower value of Ho with respect to that expected
for microsatellites DCA05 and EMO90 was also
observed by El Bakkali et al. (2019), while Gémes
et al. (2009) cite a similar value of Ho for DCAOQ5,
in studies of genetic diversity of olive cultivars in

Portugal. Considering the PIC values in both Cruz
del Eje genotypes and .COM varieties, theaverage
values were 0.78 y 0.76 respectively. Considering
the PIC values in both Cruz del Eje genotypes
and .COM varieties, the average values were 0.78
y 0.76, respectively. The observed polymorphism
presented a total of 74 alleles in the Cruz del Eje
olive population ranging from four loci (EMO90
and GAPU71B) to twelve loci (GAPU103A). In
the set of varieties from the olive collection of
Junin, Mendoza, 64 alleles were detected. In all
the materials analyzed, the most polymorphic loci
were GAPU103A, which revealed twelve alleles in
local genotypes and UDO43 with ten alleles in the
reference materials, while EMO90 was the least
polymorphic with four alleles per loci in the Cruz
del Eje olive population and three in the varieties
from the olive collection of Junin, Mendoza.

The results obtained with the most polymorphic
microsatellites, GAPU103A and UDO43, showed
similar results to those previously observed by
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Table 4. Summary measures of genetic variability of local genotypes/cultivars of olive trees from Cruz del Eje, Province of Cérdoba

SSR Repeated motif Rank obtained (pb) N.° of alleles He Ho PIC
DCAO03 (AT)0-1(GA)11-19 235-299 9 0.91 1.00 0.84
DCAO05 A3-5 (GA)5-11 217-258 6 0.79 0.20 0.72
DCA09 (GA)7-29 158-200 6 0.82 1.00 0.75
DCA14 (AC)9-18(A)2-9 (TAA)5 163-231 9 0.90 1.00 0.84
DCA18 (CT)10-20(TG)1-4 (AG) (TG)4-6 159-187 8 0.87 092 0.81
EMO90 (AC)10-15 181-189 4 0.74 0.42 0.65
GAPU71B (AG)7-8 (AAG)5-12 123-141 4 0.72 0.82 0.63
GAPU101 (AG)3-21 183-216 8 0.88 090 0.83
GAPU103 (TCTTTCATGGTGGATCAGACG) 0-1(TC) 8-32 133-183 12 0.95 1.00 0.89
ubD043 (GT)12-18 148-214 8 0.88 1.00 0.80
Promedio 8 0.84 083 0.78

He (expected heterozygosity), Ho (observed heterozygosity) and PIC (polymorphic information content).
Table 5. Genetic variability of reference cultivars from the Junin, Mendoza olive collection (.COM)
SSR Repeated motif Rank obtained (pb) N.° of alleles He Ho PIC
DCAO03 (AT)0-1(GA)11-19 240-299 5 0.84 1.00 0.76
DCA05 A3-5 (GA)5-11 217-258 5 0.82 0.29 0.73
DCA09 (GA)7-29 158-200 6 0.85 1.00 0.75
DCA14 (AC)9-18(A)29(TAA)5 157-231 8 0.92 0.67 0.83
CT)10-20(TG)1-4(AG
DCA18 €1 (TG() SIAA) 159-187 8 0.84 1.00 0.77
EMO90 (AC)10-15 181-189 4 0.79 0.29 0.69
GAPU71B (AG)7-8 (AAG)5-12 121-141 6 0.83 0.75 0.75
GAPU101 (AG)3-21 183-216 8 0.86 0.88 0.78
(TCTTTCATGGTGGATCA
GAPU103 135-183 10 0.94 1.00 0.87
GACG)0-1 (TC)8-32
ubD0O43 (GT)12-18 157-214 10 0.94 0.86 0.87
Average 7 0.86 0.77 0.78

He (expected heterozygosity), Ho (observed heterozygosity) and PIC (polymorphic information content).

Costero et al. (2021).

For these markers Abdelhamid et al. (2013)
obtained similar results (0.56 for EMO90 and 0.86
for GAPU103A) in studies of genetic similarity and
identification of Tunisian cultivars. The present study
also counted the unique alleles belonging to each
genotype and to the reference varieties and it was
observed that allele 127 of marker GAPU71B was
unique for Nevadillo Negro from Junin, Mendoza
and was discriminant to differentiate this genotype
from the rest of the genotypes evaluated in this
work. Therefore, this marker could be used as a
specific marker for the identification of this particular
material. According to Fendri (2008) unique alleles
acquire importance when determining the origin or
traceability of a given material.

In the principal coordinates analysis, the first
three coordinates (PCO1, PCO2, and PCO3)
explained 65 % of the total variability studied and

the first two (PCO1 and PCO2) explained 46 % of
the variability Figure 2.

The PCO1 with a value of 25,5 %, allowed
differentiating two groupings, one was formed
by the varieties Arbequina and Frantoio and the
genotypes/local cultivars G1 (EC), G2 (4S) and
G7 (4S) related to them together with the cultivar
Oblonga. The other grouping consisted of Arauco,
Farga, Manzanillas and Nevadillos, and the
genotypes G3 (Olly), G4 (EC) and G5 (LP), known
by the local names of Arauco Ollantai, Ascolano
El Céndor, and Empeltre Las Playas, respectively
by their characteristics and origin (Figure 2). In the
analysis of the second principal coordinate, PCO2
(with a value of 21.3 %), two groups of materials
could be clearly differentiated. One group consisted
of Farga, genotype G6 (LP), genotype G5 (LP),
Arauco Centenario, genotype G3 (QOlly), genotype
G4 (EC), Arbequina, and genotypes G1 (EC) and
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Figure 2. Scatter plot of the analysis of principal coordinates
(PCO1 and PCO2), based on the Rogers distance matrix for the
set of local genotypes and reference varieties analyzed with ten
microsatellites. PCO1 vs. PCO2

References: Local genotypes from Cruz del Eje: Genotypes EC,
4S, Olly, LP; from Cérdoba: Oblonga- FCA (Cba). Reference
varieties from Worldwide Olive Germplasm Banks Cérdoba, Spain
(WOGBC): Frantoio (FrWOGBC), Manzanilla de Sevilla (MSe.
WOGBC). From Olivos Collection, Junin, Mendoza, Argentina
(COM): Arbequina (Arbe.COM), Farga (Fa.COM), Frantoio (Fra.
COM), Manzanilla Aceitera (MaAc.COM), Nevadillo Blanco (NeB.
COM), Nevadillo Negro (NeN.COM). From La Rioja, Arauco
Centenario (AraCen)

G2 (4S); and the other consisted of the varieties
called Frantoio, Manzanilla, Nevadillos and the
associated genotypes (Figure 2). The cultivars of
local genotypes that presented zero distance with
the reference varieties are located at the same
point of the scatter plot. The UPGMA hierarchical
clustering technique generated a dendrogram
(Figure 3) and the obtained cophenetic correlation
coefficient value of 0.96 suggested an adequate
representation of the distance matrix in the
dendrogram.

The results obtained confirmed the genetic
relationship between the individuals, in agreement
with the principal coordinates analysis. The
multivariate analysis confirmed the identity of six
genotypes/cultivars from the Cruz del Eje locality,
which presented the same allelic profiles with
respect to the plants used as varietal references.
Thus, the materials called locally by the producers
Arbequina 21 Kg [G1 (EC)] and Arbequina 4 Soles
[G2 (4S)] were assigned to the Arbequina variety,
the genotype called Arauco [G3 (olly)] to Var
Arauco and the genotype G6 (LP) named Farga Las
Playas to Var. Farga. The genotypes G7 (4S), locally
called Frantoio 4 Soles, and the cultivar Oblonga.
UNC from Coérdoba showed identical amplification
patterns to the reference variety Frantoio, thus
reconfirming the genetic similarity of Oblonga

GB(LP)
Fa.cOm'
G5(LP)
G10(48)
Fr.WOGBC

Fr.COM
G7(4S)

G2(4s)
G1(EC)
Arb.COM

NeN.COM
NeB.COM
MaSeWOGBC
G9(4S)
MaAc.COM
G8(48)
G4(EC)

AraCent |
G3(Olly) *

I_

0.00 0.18 0.36 0.54 0.72

Figure 3. Dendrogram generated by UPGMA clustering from the
Roger distance matrix of ten SSR markers, in local genotypes
from Cruz del Eje and olive varieties from the olive collections of
Junin, Mendoza and the Instituto AgroSostenible, Cérdoba, Spain

References: Local genotypes from Cruz del Eje: Genotypes EC,
4S, Olly, LP; from Cérdoba: Oblonga- FCA (Cba). Reference
varieties from Worldwide Olive Germplasm Banks Cérdoba, Spain
(WOGBC): Frantoio (FrWOGBC), Manzanilla de Sevilla (MSe.
WOGBC). From Olivos Collection, Junin, Mendoza, Argentina
(COM): Arbequina (Arbe.COM), Farga (Fa.COM), Frantoio (Fra.
COM), Manzanilla Aceitera (MaAc.COM), Nevadillo Blanco
(NeB.COM), Nevadillo Negro (NeN.COM). From La Rioja Arauco
Centenario (AraCen).

Arbequina reference DNA from the WOGBC was not included in
this analysis.

(Cba) previously reported by Barranco et al. (2000)
who used 22 primers to perform an analysis with
RAPDS molecular markers.us characteristics and
origin.

Intravarietal diversity

Table 6 summarizes the allelic profiles
corresponding to the local genotypes G3 (Olly)
and G11 (EC) analyzed with the highly polymorphic
loci of the DCA series, together with its ancestral
referent AraCen and other materials associated
with the Arauco Complex (abreviated in this work as
AraJM.COM, Csa.COM and CSM.COM). Genotype
G3 (Olly) showed 0 (zero) genetic distance in
relation to the native Arauco variety, to which the
Centenario olive tree belongs (Matias et al., 2010).
Similarly, Criolla San Martin and AraucoJM, both
from the COM collection, were identical to each
other (Table 7).
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Table 6. Allelic profiles of genotypes of the “Arauco complex”
analyzed at the level of five polymorphic microsatellite loci

Genotipo DCA03 DCA05 DCA09 DCA14 DCA18
CSM.COM  252-283 241-258 177-185 196-231 162-172
CSa.COM 254-285 241-258 177-185196-231162-172
AraJM.COM 252-283 241-258 177-185 196-231162-172
AraCen 235-261 250-255 177-187 196-231167-177
G3(Olly) 235-261 250-255 177-187 196-231167-177
G11(EC) 254-285 241-258 177-185196-231162-172

Genotypes from Cruz del Eje: G3 (Olly); G11 (EC). Reference va-
rieties: from Olivos Collection, Junin, Mendoza, Argentina (COM):
Criolla San Martin (CSM.COM); Criolla Salvarredi (CSa.COM);
Arauco Junin, Mendoza (AraJM.COM). From La Rioja, Arauco
Centenary (AraCent).

Table 7. Roger’s genetic distance of the “Arauco complex” ana-
lyzed with five SSR markers. (Lower triangular of the genetic dis-
tance matrix calculated with Roger’s similarity index)

Geno-
Genotipo g%’\,fl/l ggi/l Aé%J,{\/l/l' AraCen (Olly) ti(pEoC1)1
CSM.COM  0.00
CSa.COM 0.14 0.00
AraJM.COM 0.00 0.14 0.00
AraCen 052 052 0.52 0.00
G3(Olly) 052 052 052 0.00 0.00
G11(EC) 0.14 0.00 0.14 052 052 0.00

Genotypes from Cruz del Eje: G3 (Olly); G11 (EC). Reference
varieties: from Olivos Collection, Junin, Mendoza, Argentina
(COM): Criolla San Martin (CSM.COM); Criolla Salvarredi (CSa.
COM); Arauco Junin, Mendoza (AraJM.COM). From La Rioja,
Arauco Centenary (AraCent).

The main purpose of the Arauco Centenario
variety is for both oil and canning. Therefore, G3
(Qlly) is a material of high genetic value because
it is identical to Arauco Centenario, considered as
a varietal reference. While genotype “G11 (EC)”
was identical to Criolla Salvarredi and very close
to Criolla San Martin, showing genetic distance
values of 0 and 0.14, respectively. The greatest
genetic distance (0.52) was observed between
Arauco Centenario and the members of this group
belonging to the COM. This study also confirmed,
at the molecular level, the genetic similarity of
Arauco.COM, Criolla Salvarredi and Criolla San
Martin. However, they presented a distance value of
0.52 with the Arauco Centenario plant, considered
a varietal reference. Based on the analysis with
morphological markers of accessions from the
olive collection of the EEA of INTA Junin, Mendoza,
in 2011 Trentacoste and Puertas reported little
morphological variation between the Arauco
cultivar and the two clones Criolla San Martin and
Criolla Salvarredi selected from this collection.

These results could be explained by the fact that,
in traditional plantations in the Cordilleran valleys,
plant material often came from seed or vegetative
propagation of certain individuals mainly from
the “Arauco” table variety (Gémez del Campo et
al., 2010). Possible discrepancies or confusion
in the denomination of local plants with respect
to the reference varieties that were supposed to
have given rise to the cuttings could be attributed
to factors such as the handling of olive trees
from the national or international collections and
nurseries from which they were obtained, as well
as unintentional errors in identification (Rehman et
al., 2012).

Currently the area planted with Arauco has
decreased in relation to other cultivars that make
up the “Manzanilla” varietal complex, valued
mainly for the production of table olives (Gomez
del Campo et al.,, 2010). This complex, under
whose denomination several types that could be
different varieties are included (Barranco et al.,
2000), represents a case of interest with respect
to varietal denomination, given that at least sixteen
homonyms and twelve synonymies are cited
for this cultivar (Barranco et al., 2005; Gomez-
Escalonilla et al., 2006). Table 8 presents the
alleles corresponding to the analysis, with thirteen
polymorphic microsatellites of the DCA, GAPU,
IAS-Oli and UDO series, of the group formed by
the genotypes called Manzanilla 4 Soles (G84S)
and Manzanilla Gigante 4 Soles (G94S) together

0.509

Malm.COM
*
0.25]
Ma2H.COM
L J

. ‘MaEs.COM
g #G9(45)
&
o~ 0.00 MaAc.COM
3 ¢ G8(4s
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- 4 MaCa.COM

0.25 ac2COl & gMase.woGBC
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Figure 4. Scatter plot of the analysis of principal coordinates
(PCO1 and PCO2), based on the Rogers distance matrix for the
set of local genotypes related to the reference varieties of the
Manzanilla complex analyzed with thirteen microsatellites

References: local genotypes: G8 (4S), G9 (4S). Reference varie-
ties: Manzanilla de Sevilla from Spain (MaSe.WOGBC); Manzani-
lla Imperial Junin, Mendoza (Malm.COM). Genotype: Manzanilla
2 Hermanas (Ma2H.COM), Manzanilla Espafiola (MaEs.COM),
Manzanilla Carmona (MaCa.COM), Manzanilla Aceitera (MaAc.
COM).
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Table 8. Allelic composition of thirteen microsatellite loci that make up the “Manzanilla complex”

o) DCA Series SSR

Varieties/genotypes DCA 03 DCA 08 DCA 09 DCA 10 DCA 16
MaSe. WOGBC 270-287 139-150 187-198 124-218 176-176
G8 (4S) 270-287 137-137 187-198 124-218 192-275
G9 (45) 270-287 137-147 180-192 178-230 239-173
Malm.COM 270-272 139-147 182-172 178-230 135-204
Ma2H.COM 257-284 139-150 149-189 124-178 135-204
MaEs.COM 270-270 137-150 149-189 124-178 135-204
MaCa.COM 270-287 139-139 180-192 124-218 187-187
MaAc.COM 270-270 139-139 180-192 124-178 208-208

B) IAS-Oli, Udo and Gapu Series SSRs

Varieties/ genotypes Gapu 71 Gapul101 Gapu 103 [AS-Oli22  |AS-li23  IAS-Oli 26 1AS-Oli 27  Udo 43
MaSe. WOGBC 119-134  192-212  136-146  132-146  226-242  185-190  118-118  146-190
G8 (4S) 125-141 196-216  159-177  132-144  221-264  193-212  120-140  162-200
G9 (4S) 123-141  200-206 ~ 139-177  138-148  221-264  183-202  110-136  146-190
Malm.COM 130-142 192-219 146-146 138-148 224-240 183-202 120-140 146-196
Ma2H.COM 116-119 186-212 136-146 134-146 224-242 183-205 120-140 162-212
MaEs.COM 118-136  186-212  136-146  134-146  224-242  183-205  120-140  190-190
MaCa.COM 119-134  189-212  136-146  136-148  227-236  185-190  120-120  146-190
MaAc.COM 121-134  186-212  152-167  136-146  227-236  180-191 124-144  146-190

References for local genotypes: G8 (4S), G9 (4S). Reference varieties: Manzanilla de Sevilla from Spain (MaSe.WOGBC); Manzanilla
Imperial Junin, Mendoza (Malm.COM) Genotype: Manzanilla 2 Hermanas (Ma2H.COM), Manzanilla Espafiola (MaEs.COM), Manzanilla

Carmona (MaCa.COM), Manzanilla Aceitera (MaAc.COM).

Table 9. Roger’s genetic distances between local genotypes and reference varieties of the “Manzanilla complex”. Distance matrix

Varieties/ MaSe. Malm. Ma2H. MaEs. MaCa. MaAc.
genotypes com GBS GI(S) ooy COM COM COM COM
MaSe.COM 0

G8 (49) 0.62 0

GO (49) 0.62 05 0

Malm.COM 0.65 0.66 0.51 0

Ma2H.COM 0.54 0.63 0.68 0.52 0

MaEs.COM 0.57 0.62 0.63 0.53 0.28 0

MaCa.COM 0.39 0.62 0.62 0.62 0.59 0.54 0

MaAc.COM 0.59 0.71 0.65 0.61 0.59 0.54 0.5 0

References for local genotypes: G8 (4S), G9 (4S). Reference varieties: Manzanilla de Sevilla from Spain (MaSe.WOGBC); Manzanilla
Imperial Junin, Mendoza (Malm.COM) Genotype: Manzanilla 2 Hermanas (Ma2H.COM), Manzanilla Espafiola (MaEs.COM), Manzanilla

Carmona (MaCa.COM), Manzanilla Aceitera (MaAc.COM).

with the referent varieties called Manzanillas (de
Sevilla, Aceitera, Imperial, 2 Hermanas, Espafiola
and Carmona). Table 9 shows the genetic distance
matrix obtained. With the molecular information
from this complex, an ACoordP and an ACP were
performed.

PCO1 clearly differentiated two groups: one
composed of the genotypes G8 (4S), G9 (4S) and
another composed of the reference varieties MaSe.
WOGBC, MaCa.COM, MaAc.COM, Ma2H.COM,

MaEs.COM and Malm.COM. On the other hand,
PCO2 also discriminated two groups, one formed
by the reference varieties Ma2H.COM, MaEs.COM
and Malm.COM and the other by genotype G9 (4S),
related to the variety commonly called Manzanilla
Gigante. Finally, the other differentiated group
was made up of the rest of the varieties used as
references in this complex. In this study, it should
be noted that the analysis at the level of thirteen
microsatellite loci showed the high genetic diversity
in the complex formed by the selected local
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genotypes and the Manzanilla varieties with which
they are related by phenotypic and agronomic
characteristics. Both genotypes presented a
genetic distance value of 0.5 between them, while,
for the same genotypes, Costero et al. (2021) with
a lower number of SSR markers observed a higher
distance value.

In the principal components analysis, the axes
corresponding to PC1 and PC2 explained 41.7 %
of the total genetic variability and the relative
importance of the classification variables (Figure 5).

The autovectors that presented the highest
absolute value were those corresponding to alleles
198 and 212 of the markers DCA09 and GAPU101,
respectively. These components allowed the
definition of two groups represented in 2D, a group
formed mainly by referent varieties (MaSe.WOGBC,
MaCa.COM, MaAc.COM, Ma2H.COM, MakEs.
COM and Malm.COM) and another composed
of Genotypes 8 and 9. PC2 with the lowest value
(18.9 %) showed that alleles 183 of Oli26 and
218 of the DCA10 marker were relevant to relate
the materials under study. Costero et al. (2021)
observed in the ACP that 38.3 % of the total genetic
variability was represented by PC1 (23 %) and PC2
(15.6 %). In the present work it was observed that,
regarding the relationship of the local germplasm
with the reference varieties, there was a greater
presence of the genome of the Imperial cultivar,
although the two local genotypes analyzed showed
a genetic distance between them smaller than that
previously obtained by Costero et al. in 2021, who
analyzed six SSR loci. Local genotypes have their
own germplasm conformation that could be partly

explained by the phenotypic difference in fruit size,
which gave rise to the local name of G9 (4S) as
“Manzanilla Gigante”. The analysis of the variability
of the Arbequina complex carried out by means of
14 SSR’s of the DCA series (14, 16, 10, 05, 08, 09,
11), IAS-Oli (22, 23, 26, 27), GAPU (101, 103A)
and EMO 90, showed homogeneity in the allelic
composition of the group (Table 10 and Table 11),
observing a genetic distance of 0.2 for G1 (EC)
(Arbequina 21 Kg) with respect to the Spanish
reference variety (Arb.WOGBC) and a value of 0.09
with respect to the Arb.COM variety (Tables 10 and
11) differentiating it from the rest of the materials. A
distance value of 0.15 was obtained for genotype
G2 (4S).

The genetic distance values were low (0.10)
and the identity of G1 (EC) with the reference
variety Arb. WOGBC was confirmed. The genotype
G1 (EC), also locally referred to as “21 Kg”, was
distinguished from the rest. A distance value of
0.15 was obtained for G2 (4S) with respect to the
Spanish reference variety (Arb.WOGBC) and a
value of 0.09 with respect to the Arb.COM variety.

In the present work, the varieties used as
references not only allow verification of identity,
but also provide information on the relationship
between them and related genotypes. Faced with
the wide varietal panorama, it is essential to make
a correct choice of cultivar, which responds to
the interest of the producer, and to guarantee the
varietal identity of the starting plant material in order
to establish the oleic acid content in oils such as
Arbequina (Montealegre et al., 2010).

Table 10. Allelic profile of genotypes that make up the “Arbequina complex” analyzed with 14 SSRs that
were polymorphic in the study of other olive genotypes SSR from series DCA

a) DCA Series SSR

Genotype DCA05 DCAO08 DCAO09 DCA10 DCA11 DCA14 DCA16
Arbe WOGBC 217-217 145-155 177-198 130-164 123-133 231-196 122-139
G2 (4S) 217-217 145-155 177-198 130-164 123-133 231-196 122-139
G1(EC) 217-217 143-151 177-198 130-164 123-133 231-196 122-139
Arbe.COM 217-217 143-135 177-198 130-164 123-133 231-196 122-139
b) SR EMO, GAPU and IAS-Oli series

Genotype EMO90 GAPU103 GAPU101 IAS-Oli22 IAS-0li23 IAS-Oli26 IAS-Oli27
Arbe WOGBC 184-189 147-155 183-204 135-175 226-240 183-205 124-128
G2 (4S) 184-189 147-155 183-204 135-175 226-240 183-205 124-128
G1(EC) 184-189 147-155 183-204 138-177 220-263 183-205 124-128
Arbe.COM 184-189 147-155 183-204 138-177 226-240 183-205 124-128

References: Local genotypes: G2 (4S); G1 (EC). Reference varieties: Arbequina reference Spain (Arbe. WOGBC), Arbequina from Junin,

Mendoza (Arbe.COM).
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Figure 5. Scatter plot of the analysis of principal component (PC1
and PC2), the set of local genotypes related to the reference
varieties of the Manzanilla complex analyzed with thirteen
microsatellites

References: local genotypes: G8 (4S), G9 (4S); reference varie-
ties: Manzanilla de Sevilla from Spain (MaSe.WOGBC); Manzani-
lla Imperial Junin, Mendoza (Malm.COM). Genotype: Manzanilla
2 Hermanas (Ma2H.COM), Manzanilla Espafiola (MaEs.COM),
Manzanilla Carmona (MaCa.COM), Manzanilla Aceitera (MaAc.
COM).

CONCLUSIONS

The results obtained in this study confirmed the
importance of the use of molecular markers for
the correct identification and characterization of
local genotypes and olive collections. The allelic
constitution of local olive genotypes selected from
Cruz del Eje and reference varieties from the Olive
Collection of the EEA-INTA Junin (Mendoza) and
the Institute of Sustainable Agriculture (CSIC),
Cérdoba, Spain, was obtained and registered
in a database of SSR. The multivariate analysis
confirmed the identity of six genotypes that were
found to be the same as the reference cultivars
Arbequina, Arauco, Frantoio and Farga. It was
clarified that the genotype called “Arauco Olly” from
the orchard named Ollantay had the same genetic
profile as “Arauco Centenario”, and the identity of
the genotype called “21 Kg” was determined. It was
also possible to clarify the genetic diversity existing
among the reference genotypes and cultivars
associated with the Arauco and Arbequina
denominations and to confirm the variability of the
Manzanilla varietal complex.
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