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Abstract: Feijoa sellowiana (O. Berg) is a broadly widespread fruit tree species at a very early stage
of domestication. Although appreciated for its flavored berries rich in nutrients and nutraceuticals,
and as an ornamental plant, feijoa is still considered an underutilized species and little information
is available about its genetic background, cultivar traceability and divergence. This study aimed
to investigate, for the first time, the genetic diversity of feijoa through the application of AFLPs.
Specifically, twenty cultivars from different countries and six wild types (WTs) from their area of
origin (Misiones, Argentina) were analyzed. The AFLPs proved to be informative, revealing the
values of the percentage of polymorphic loci (PPB), Nei’s genetic diversity (h), and the Shannon index
(I) at 69.36%, 0.27, and 0.43, respectively, consistent with the average of long-lived perennial and
outcrossing species. However, despite the limited number of WTs examined, the genetic variability
(h) was higher (approximately 37%) within the six samples compared to cultivars. The population
structure analysis identified three clusters, with WTs forming a separated cluster (III) as expected.
Cultivars were divided into two clusters (I and II), with cluster I exhibiting a closer genetic proximity
to WTs compared to cluster II. This finding was further confirmed using the UPGMA dendrogram
based on Provesti distances. This work raised awareness of the genetic variability among the feijoa’s
widespread cultivars and demonstrated that the limited genetic breeding programs over the last
decades resulted in low diversity among them. Moreover, these results confirm the hypothesis that
all varieties are derived from a single narrow ancestral population. The potential of this species is
considerable and needs to be further investigated to exploit its peculiarities.

Keywords: feijoa; molecular markers; genetic variability; cultivars; center of origin

1. Introduction

Feijoa (Feijoa sellowiana O. Berg) is an evergreen shrub or small tree, belonging to the
Myrtaceae family, and frequently referred to as pineapple guava and guavasteen, despite
being different from the true guava (Psidium guajava) [1]. It is originally native to the
southern regions of Brazil, northern Argentina, western Paraguay and Uruguay [1–3].
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Feijoa is characterized by stunning blooming with beautiful flowers, which have
captured the interest of many collectors, gardens, and park designers. Moreover, its
fruits are a good source of vitamins and minerals, as well as bioactive compounds that
have pharmaceutical attributes, such as antioxidant, antimicrobial, and anti-inflammatory
characteristics providing various human benefits and reducing the risk of disease [1,4].
Processed feijoa products, including yogurts, ice cream, chocolates, pies, wines, jams,
liqueurs, and juices, showcase the versatility of this fruit in culinary applications [5].
Despite its exceptional qualities, feijoa fruits have a relatively modest shelf-life, influenced
by storage temperature. When stored at 4 ◦C, they can last for up to 42 days, and for up to
2 weeks at 16◦C [6]. However, later exposure to temperatures higher than 20 ◦C drastically
reduces their shelf-life to less than 7 days [7]. This condition limits feijoa marketability and
therefore has led home gardeners to adopt a practice of widespread sharing with friends
and neighbors [8].

Two feijoa populations have been distinguished in South America [9]. The first,
known as the ‘Brazilian’ type, is located in southeastern Brazil, specifically the high plains
of Paraná, Santa Catarina, and the northern part of Rio Grande do Sul. The second one,
known as the ‘Uruguayan’ type, is primarily situated on both sides of the Uruguay–Brazil
border, at elevations ranging from 100 to 500 m [10]. The latter, whose fruits are smaller but
sweeter and softer than the ‘Brazilian’ ones, is the type commercialized worldwide [11].

In this context, beyond its sensory qualities, the feijoa tree has shown remarkable
adaptability to subtropical and warm-temperate climates, which has enabled it to garner
global popularity. Although it is still a minor crop, it is widespread outside its native
regions, being cultivated in North America, Europe, Australia and New Zealand for fruit
production and ornamental value [1–3].

It was introduced outside its origin center at the end of the 19th century by the botanist
Edouard André, who was responsible for its diffusion in Europe and North America. Then,
from the latter, it was spread to Australia and New Zealand in the 20th century [11]. Feijoa
distribution in other South American countries is more ambiguous, but the main common
type is the ‘Uruguayan’ one [11]. Indeed, it is well known that the acclimatization of feijoa
in Colombia occurred from New Zealand seeds in the first half of the 20th century [12].
Nowadays, the commercial production of feijoa is concentrated in New Zealand, Colombia,
California, Georgia, Portugal, Italy, Australia, Brazil, and Azerbaijan [11,13–15]. Among
them, Colombia stands out as the leading producer of feijoa, with cultivation spanning
339.30 ha and yielding 3133.30 tons of fruit in 2022 [16]. The second producer is New
Zealand, with 150 hectares of cultivated feijoa trees, contributing to an annual production
of 1100 tons of fruit. [17].

Moreover, in New Zealand, many feijoa varieties have been selected by the fruit
industry, categorized into early season (e.g., Gemini, Unique, Pounamu, Anatoki), mid-
season (e.g., Apollo, Den’s Choice), and late season (e.g., Opal Star, Triumph) [4], exporting
them worldwide for both fruit and ornamental production. Nevertheless, their diffusion is
limited due to the difficulty of obtaining an efficient clonal production through traditional
vegetative propagation methods such as cutting, grafting, micropropagation, and stump
layering [18,19].

These varieties have been carefully selected through traditional selection methods. In
this context, it is imperative to develop new cultivars that improve fruit quality parameters,
aiming to maximize the utilization of this valuable species [20]. However, the implementa-
tion of traditional breeding programs poses challenges, demanding significant time and
expense to characterize all phenotypical traits [21].

Consequently, the integration of molecular markers emerges as a valuable tool to
refine breeding programs. These markers not only facilitate the identification of candidate
genes for selection but also serve as a practical approach to discern genetic variability and
differences between established commercial varieties and wild accessions [22].

Within the feijoa’s center of origin, characterized by high genetic variability, various
germplasm collections have arisen to safeguard this vital resource. Noteworthy among
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these are the Feijoa Active Germplasm Bank (AGB) in Sao Joaquim-SC (Brazil), the National
Feijoa Center (CENAF) in La Vega (Cundinamarca, Colombia), and the Nikitsky Botan-
ical Garden (Crimean Peninsula), collectively preserving 313, 1500, and 400 accessions,
respectively [23,24]. Despite the vast potential offered by this genetic diversity in elevating
feijoa quality, its full exploitation remains unrealized [4]. Furthermore, information on
studies related to F. sellowiana and the development of molecular markers for this species is
limited. Particularly, few works have been carried out with random amplified polymor-
phic DNA (RAPD) [25] and simple sequence repeats (SSRs), which were based on a SSRs
primer (~24) previously developed on eucalyptus and transferred to feijoa [26], as well
as a primer specifically for feijoa (~10) applying an enriched genomic library [27]. From
this latter primer dataset, a few other studies have been carried out analyzing both natural
populations and the AGB collection in Brazil [28,29]. Another molecular approach has
been developed, based on sequence-related amplified polymorphism (SRAP) [14], used to
analyze the genetic diversity of 12 different feijoa cultivars. Other molecular markers, such
as AFLP, ISSR and SNPs, have not been used to assess the genetic variability of this species
yet, but only to develop genetic maps [30,31].

Given that this species exhibits noteworthy adaptability, particularly in response to
increasing climatic variations which makes it a crop with promising growth prospects,
there is a need for additional information to enhance its market appeal and improve the
quality and shelf-life of its fruits.

Consequently, it is imperative to increase its genetic knowledge through diverse
molecular approaches. To this purpose, this study aims to comprehensively characterize the
genetic diversity of F. sellowiana through the implementation of AFLP molecular markers,
which are considered a cost-effective and useful tool to assess the genetic variation in plants
with few prior genetic information, due to their reproducibility, robustness and highly
resolving power of polymorphism [32]. To the best of our knowledge, no similar studies
have determined the genetic variability analysis in feijoa samples using AFLPs. Moreover,
this research endeavors to evaluate the genetic variability of different commercial varieties
in comparison with wild accessions collected from one of the centers of origin of this species
(Misiones, Argentina).

2. Materials and Methods
2.1. Feijoa sellowiana Sampling

In this study, twenty renowned feijoa genotypes were used to evaluate the genetic di-
versity through AFLP molecular markers. The 20 genotypes are reported in Table 1. Also,
two Italian varieties (i.e., Pagliaia and Russo) were included in this research. The pedigree
of the current cultivars is almost unknown. Their leaves were collected from three differ-
ent germplasm resources in Italy and France: CREA-OFA Caserta (Caserta Italy), ALSIA
(Metaponto, Matera, Italy), and Uzein (France). The cultivars from CREA-OFA Caserta are
the same used by Pasquariello et al. [14]. In addition, six samples from wild feijoa trees were
added to the analysis. The wild trees (WTs) are native to the Alto Paraná Atlantic forests
and collected in 4 localities of Misiones province (Argentina), considered as part of the center
of origin of this species [33,34]: San Ignacio (DMS co-ordinates 27◦ 16′ 00′′ S, 55◦ 24′ 44′′ E);
Candelaria (27◦ 28′ 53′′ S, 55◦ 17′ 06′′ E); Cainguás (27◦ 15′ 44′′ S, 54◦ 57′ 29′′ E) and Oberá
(27◦ 21′ 23′′ S, 55◦ 03′ 58′′ E). They were collected in the frame of a local project for safeguard-
ing endangered native plants and preserved in the repository of the National University of
Misiones (UNaM). According to the rules of the Nagoya Protocol, the leaves were imported
into Italy after official permission from the Instituto Misionero de Biodiversidad (IMIBIO).
The information about the collection sites of these wild accessions is also reported in Table 1.
For each sample, five leaves were stored with silica gel in hermetically sealed plastic bags
until DNA extraction.
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Table 1. Feijoa cultivars, germplasm location, and their country of origin.

Accession of Genotype Collection Site Country of Origin

WT1 Misiones (AR) Argentina
WT2 Misiones (AR) Argentina
WT3 Misiones (AR) Argentina
WT4 Misiones (AR) Argentina
WT5 Misiones (AR) Argentina
WT6 Misiones (AR) Argentina

Moore ALSIA (IT) Unknown
Nazemetz CREA-OFA-Caserta (IT) USA
Roundjon CREA-OFA-Caserta (IT) New Zealand
Pagliaia CREA-OFA-Caserta (IT) Italy
Coolidge CREA-OFA-Caserta (IT) USA

Mammouth CREA-OFA-Caserta (IT) New Zealand
David CREA-OFA-Caserta (IT) New Zealand
Smith CREA-OFA-Caserta (IT) USA
Russo CREA-OFA-Caserta (IT) Italy
Robert CREA-OFA-Caserta (IT) New Zealand
Apollo CREA-OFA-Caserta (IT) New Zealand
Gemini CREA-OFA-Caserta (IT) New Zealand

Triumph CREA-OFA-Caserta (IT) New Zealand
Edenvale Improved CREA-OFA-Caserta (IT) USA
Edenvale Supreme CREA-OFA-Caserta (IT) USA

Edenvale Late CREA-OFA-Caserta (IT) USA
Marion CREA-OFA-Caserta (IT) New Zealand

Kakariki Uzein (FR) New Zealand
Unique Uzein (FR) New Zealand
Anatoki Uzein (FR) New Zealand

2.2. DNA Isolation and AFLP Protocol

Fifty milligrams of fresh young leaves were ground employing TissueLyser (Qiagen,
Hilden, Germany) alongside three tungsten carbide beads and liquid nitrogen. The CTAB
procedure [35] with slight adjustments was carried out for the DNA extraction. DNA quantifi-
cation was assessed using a Qubit Fluorometer 1.0 (Invitrogen, Waltham, MA, USA).

Since no other studies focused on AFLP analysis on F. sellowiana, we preliminarily
investigated the reliability of different AFLP primers. After this evaluation, four primer
pairs, previously used in other research [36,37] were considered reliable and used for further
analysis. In this context, the primer pairs selected by Lopez-Sepulveda et al. [36] were
developed on the species Myrceugenia, belonging to the Myrtaceae family as F. sellowiana.
The primer pairs and the adaptors are described in Table 2.

Table 2. Primers name, primers sequence, selective extension, and fluorescent labeling.

Oligo Name Sequence 5′–3′ Labeling Refs.

Adapt. EcoRI_2 AATTGGTACGCAGTCTAC
Adapt. MseI_1 GACGATGAGTCCTGAG
Adapt. MseI_2 TACTCAGGACTCAT
Primer pair 1 EcoRI–ACG/MseI–CTC HEX [37]
Primer pair 2 EcoRI–ACT/MseI–CTT FAM [36]
Primer pair 3 EcoRI–ATG/MseI–CTT FAM [36]
Primer pair 4 EcoRI–ATG/MseI–CTG FAM [36]

AFLP protocol was performed as described by Vos et al. [38] with minor modifica-
tions [37,39]. Briefly, 200 ng of DNA were treated with 2 U of EcoRI and MseI endonucleases
(New England Biolabs, Ipswich, MA, USA) for 2 h at 37 ◦C. Afterward, digested DNA
was ligated with double-stranded adapters (Table 2) using a T4 DNA ligase (New England
Biolabs, Ipswich, MA, USA) for 2 h at 20 ◦C and diluted (1:1 v/v). PCR was accomplished in
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a final volume of 25 µL and consisted of 10 µL of the diluted ligation as the template, 1 U Go-
Taq Polymerase (Promega, Madison, WI, USA), 1X GoTaq colorless buffer, 1.5 mM MgCl2,
0.2 mM dNTPs and 10 pmol of each primer combination. The PCR program comprised 12
cycles of 94 ◦C for 30 s; 65 ◦C for 30 s and 72 ◦C for 1 min; 23 cycles of 94 ◦C for 30 s; 56 ◦C
for 30 s and 72 ◦C for 1 min and a final extension at 72 ◦C for 2 min. Sizing was performed
in a 16-capillary electrophoresis automated sequencer ABI 3130xl (Applied Biosystems,
Waltham, MA, USA) using 1.7% GeneScanTM 500 ROXTM (Invitrogen, Waltham, MA, USA).
The four sets of primers were labelled with 5′-hexachloro-fluorescein phosphoramidite
(HEX) or fluorescein (FAM) fluorophores (Table 2), with complementary sequences to
EcoRI or MseI adaptors. GeneMapperTM software v4.0 (Applied Biosystem, Waltham, MA,
USA) was employed to analyze the sequencing results. The internal size standard profile
was surveyed in all samples to check the quality of the sequencing. For each primer set,
chromatograms were manually examined to establish the stable, defined, and robust peaks
ranging between 50 and 500 bp. A binary matrix denoting absence (0) or presence (1) of
peaks was built. The reproducibility of the results was assessed by performing duplicate
AFLP profiles for ten individuals [40].

2.3. Data Analysis

Monomorphic loci were removed from the AFLP data. Genetic parameters such as
the percentage of polymorphic loci (PPB), the effective number of alleles (ne), Nei’s genetic
diversity (h) and the Shannon diversity index were calculated with POPGENE v1.32 [41].
In addition, the analysis of the molecular variance (AMOVA) alongside PhiPT was carried
out to define the distribution of genetic diversity between and within populations using
Genalex v 6.5 [42]. In addition, PhiPT was used to calculate the gene flow for the haploid
data matrix (Nm = [(1/PhiPT)−1]/2).

A comprehensive evaluation of the population structure was carried out using STRUC-
TURE 2.3.4 software [43], based on a Bayesian procedure. To understand the real genetic
differentiation, data on origin or cultivar were excluded (popinfo and popflag = 0). An
admixture model was performed to predict the most accurate population number (K)
by testing ten different K values, within the range of 1 to 10, employing 150,000 burn-in
periods and 300,000 Markov chain Monte Carlo (MCMC) iterations, and repeating the
process ten times. STRUCTURE HARVESTER [44] was utilized to compute the Evanno
∆K [45], allowing the identification of the most reliable population. A bar plot showing the
coefficient of membership of the samples per cluster was employed with the R-package
pophelper 2.3.1 [46]. Each individual was considered in a specific cluster with a coefficient
of membership > 60%.

In addition, a clustering analysis was performed as validation of the Bayesian ap-
proach. In this context, Provesti distances among samples were computed and an un-
weighted pair-group method with arithmetic mean (UPGMA) dendrogram was obtained
with 1000 bootstrap permutations. Adegenet 2.1.3 [47] and poppr 2.9 [48] packages for R v.
4.2.2 [49] were used for this purpose and the dendrogram was edited in Interactive Tree of
Life (iTOL) software v. 6.8 [50].

3. Results
3.1. AFLP Genetic Parameters

The four primer pairs successfully amplified a total of 209 fragments, spanning a
size from 50 to 500 bp (Table 3). Among these bands, the total count of polymorphic loci
reached 146, representing 69.39% of the total loci detected. Particularly, the number of
scorable bands varied from 40 (EcoRI–ACG/MseI–CTC) to 69 (EcoRI–ATG/MseI–CTT)
with an average of 52.25. The number of polymorphic loci ranged between 27 (EcoRI–
ACG/MseI–CTC) and 51 (EcoRI–ATG/MseI–CTT) with a mean of 36.50. The percentage of
polymorphic loci (PPB) exhibited a range from 67.50% (EcoRI–ACG/MseI–CTC) to 73.91%
(EcoRI–ATG/MseI–CTT). Upon exclusive analysis of the polymorphic loci, the effective
number of alleles (ne) averaged at 1.43, with values ranging from 1.41 (EcoRI–ACG/MseI–
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CTC and EcoRI–ACT/MseI–CTT) to 1.49 (EcoRI–ATG/MseI–CTG). The Nei’s genetic
diversity (h) revealed a mean value of 0.27, spanning from 0.26 (EcoRI–ACG/MseI–CTC,
EcoRI–ACT/MseI–CTT and EcoRI–ATG/MseI–CTT) to 0.29 (EcoRI–ATG/MseI–CTG). The
Shannon index (I) varied from 0.41 (EcoRI–ACG/MseI–CTC) to 0.46 (EcoRI–ATG/MseI–
CTG) with an average of 0.43.

Table 3. Genetic parameters according to the four AFLP primer sets used in this study. The number of
total and polymorphic loci, the percentage of polymorphic loci (PPB), the effective number of alleles
(ne), Nei’s genetic diversity (h) and the Shannon index (I) are reported.

Primers N. Total
Loci

N. Poly-
morphic

Loci
PPB ne h I

EcoRI–ACG/MseI–CTC 40.00 27.00 67.50% 1.41 0.26 0.41
EcoRI–ACT/MseI–CTT 53.00 36.00 67.92% 1.41 0.26 0.42
EcoRI–ATG/MseI–CTT 69.00 51.00 73.91% 1.42 0.26 0.42
EcoRI–ATG/MseI–CTG 47.00 32.00 68.09% 1.49 0.30 0.46

3.2. Genetic Diversity of Wild Types and Cultivars

The descriptive genetic indicators of the WTs alone and cultivars are reported in
Table 4. The analysis was performed considering only the polymorphic loci out of 209 ones
obtained. In this context, 75 loci were polymorphic among the six WTs, while 115 loci were
selected to assess the genetic variability between cultivars. Even though the number of
samples was lower, the six wild types showed a higher genetic variability compared to the
20 different cultivars analyzed. Specifically, the cultivars revealed a mean value of 1.43,
while WTs showed a greater amount of 1.62. Moreover, Nei’s genetic diversity (h) revealed
the same trend with an average of 0.27 in the cultivar group and 0.37 in WTs. Considering
the Shannon index (I), WTs showed a higher value of 0.55, while cultivars showed 0.43.

Table 4. Genetic parameters comparing feijoa cultivars and wild types. The sample size, the number
of polymorphic loci, the effective number of alleles (ne), Nei’s genetic diversity (h) and the Shannon
index (I) are reported.

Group Sample Size N. Polymorphic Loci ne h I

Cultivars 20.00 115 1.43 0.27 0.43
WT 6.00 75 1.62 0.37 0.55

The genetic variation between cultivars and WT accessions was further assessed
through the Analysis of Molecular Variance (AMOVA) and PhiPT (Table 5). The AMOVA
revealed 39% of the total genetic divergence among the two populations. Conversely, the
variation within populations accounted for 61% of the total variation. The PhiPT result was
shown to be statistically significant (p < 0.001), showing a high value of 0.392, while the
detected gene flow (Nm) showed a low value of 0.775.

Table 5. Analysis of the molecular variance (AMOVA), PhiPT and Nm between the two feijoa
populations considered.

Source df SS MS Est. Var. % PhiPT Nm

Among Pops 1 114.985 114.985 10.665 39%
Within Pops 24 396.900 16.538 16.538 61%

Total 25 511.885 27.203 100% 0.392 *** 0.775

*** p-value < 0.001.
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3.3. Population Structure

The analysis of feijoa cultivars and the WTs’ population structure was carried out
using the Bayesian software STRUCTURE 2.3.4 [43]. Employing the Evanno method, the
optimal K value was determined to be 3 (Figure S1). The subsequent STRUCTURE bar plot
affirmed a distinct separation between the WTs and the cultivars (Figure 1). Indeed, all the
WT accessions were grouped in Cluster 3 with a coefficient of membership greater than
60%. Conversely, cultivars were categorized into two main clusters. Cluster 1 included
5 accessions (Kakariki, Anatoki, Smith, Russo, Robert), while Cluster 2 encompassed the ma-
jority of cultivars (Unique, Nazemetz, David, Coolidge, Edenvale late, Edenvale supreme,
Edenvale improved, Apollo, Gemini, Triumph and Marion). The genetic divergence, based
on net nucleotide distance, was found to be low between Cluster 1 and 2 (0.0568). In
contrast, a more substantial distance was observed when comparing WTs with the two
cultivar clusters. Wild types exhibited the highest dissimilarity with Cluster 2 (0.1634),
whereas the divergence with Cluster 1 was comparatively lower (0.0979). Notably, certain
cultivars (Moore, Mammoth, Roundjon, and Pagliaia) did not neatly align with either
cluster, revealing an intermediate genetic profile between the two. Particularly, Moore
showed 50.7% of membership with Cluster 2, while Mammoth had 54.0% of membership
with Cluster 1.
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Clustering Analysis

The validation of STRUCTURE results was corroborated through a cluster analysis
utilizing a UPGMA dendrogram based on Provesti distances (Figure 2). The average
genetic distance was 0.28, ranging from 0.068 (observed between the pair David and
Nazemetz) to 0.506 (detected between Smith and WT3). The clustering pattern derived
from Provesti distances aligned with the findings from the STRUCTURE analysis. The
cluster III encompassed all WTs, which exhibited greater genetic distance from the cultivars.
Consistent with the Bayesian approach, WT1 appeared closer to the commercial cultivar
than the other “ancestral” accessions. The second cluster (I) included the same accessions
observed in Cluster 1 of the STRUCTURE analysis (Anatoki, Kakariki, Russo, Robert, and
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Smith). Notably, Anatoki and Kakariki were closely grouped, as were Robert and Smith.
As previously noted, this cultivar group demonstrated closer genetic proximity to WTs
than the other cluster (II), consisting of Unique, Nazemetz, David, Coolidge, Edenvale late,
Edenvale supreme, Edenvale improved, Apollo, Gemini, Triumph, and Marion. Within
this group, intriguing associations emerged, such as the grouping of Nazemetz and David
with Coolidge, and the proximity of the three Edenvale varieties (i.e., late, improved,
and supreme). Moreover, samples (i.e., Moore, Mammoth, Roundjon, and Pagliaia) that
exhibited an intermediate profile in the STRUCTURE bar plot (Figure 1) showcased a similar
trend in the dendrogram. Specifically, Mammoth was positioned closer to Cluster I, while
Moore aligned with Cluster II. As illustrated in the preceding figure, Pagliaia and Roundjon
were situated between the other two accessions. The reliability of the dendrogram was
confirmed using a good cophenetic correlation (0.85) between Provesti distances and the
UPGMA dendrogram.
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4. Discussion

Utilizing molecular markers for assessing genetic diversity and relationships within
populations is highly advantageous. This method enables the rapid and cost-effective
acquisition of numerous polymorphic loci, eliminating the necessity for prior knowledge
of the species’ genome [32]. Notably, AFLP has proven to be a powerful technique for
identifying cultivars and creating genetic fingerprints, particularly in plants [51–53]. Even
though AFLPs are dominant markers and may lack the same discriminant power of co-
dominant markers such as SRRs or SNPs due to their highly informative multi-allelic loci,
this limitation is overcome by their abundant di-allelic loci, covering more regions of the
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genome [54]. AFLPs find utility in various scenarios: (i) when no initial information about
the species is available; (ii) in genomically heterogeneous populations; (iii) in polyploid
species; (iv) in the presence of hybridization and (v) with low genetic variability [55–57].

The current study is the first attempt to assess the genetic variability in F. sellowiana
by employing AFLP molecular markers. The four selected primer sets were capable of
amplifying a considerable range of loci, between 40 and 69, which was high considering
that fragments were detected in a range of 50–500 bp. Notably, our results were greater
than the ones reported by Dettori et al. [25] and Pasquariello et al. [14], who were analyzing
the genetic variability of feijoa cultivars using RAPD (8–10 bands) and SRAP (10–19 bands),
respectively. The variation in the number of loci can be attributed, in part, to the chosen
detection method. While our research employed capillary electrophoresis for fragment
detection, the two referenced studies utilized a traditional electrophoresis approach to
distinguish bands. Despite this methodological difference, our findings align with other
studies using a similar technique [51,58].

Furthermore, the efficacy of this procedure was determined using the percentage
of polymorphic loci. Although these primers were not specifically designed for feijoa
species and the sample size was limited to 26 individuals, PPB was notable at 69.36%. This
surpassed the findings of Lopez- Sepulvelda et al. [36], who used these primer pairs to
study two Myrtaceae family species, M. fernandeziana (approximately 58%) and M. schulzei
(around 59%), with sample sizes of 211 and 129 accessions, respectively. In the context
of the genetic analysis of F. sellowiana species, our PPB values were comparable to those
obtained by Pasquariello et al. [14], who observed an average of 73% PPB, employing
10 SRAP primers.

Moreover, the observed genetic diversity, referred to as expected heterozygosity, in fei-
joa cultivars (0.27) aligned with the average values of within-population diversity reported
by Nybom [32], considering a long-lived perennial and outcrossing species. Nybom’s
comparison, based on 201 studies on dominant markers, revealed a mean heterozygosity of
0.25 for long-lived perennials and 0.27 for outcrossing species. Thus, our approach stands
in line with the majority of studies based on dominant molecular markers, confirming the
robust quality and reliability of AFLPs in feijoa.

Nevertheless, our investigation unveils a notable contrast in genetic variability be-
tween wild accessions and cultivars. The WTs showed a higher effective number of alleles
(1.62), Nei’s genetic diversity (0.37), and Shannon index (0.55), in comparison to the values
observed in the 20 cultivars (1.43, 0.27 and 0.43, respectively). This finding clearly shows
the existence of a wider genetic divergence among the six Argentinian wild types from
a small area of the center of origin than the one observed in the pool of the considered
20 cultivars. These wild accessions belong to naturally occurring populations, consisting
of plants growing within mixed ombrophilous forests which are untouched by human
activities, thus depending only on natural selection and gene flow. This event is considered
the reason for a higher genetic diversity caused by the necessity for a broader range of
alleles and genotypes to cope with these selective pressures [28]. Moreover, as stated by
Thorp and Bielinski [5], modern feijoas are supposed to derive from the first plants exported
outside South America, which are considered as a single narrow population derived from
the Uruguayan type which is known to have a lower genetic diversity than the Brazilian
one [59]. Moreover, the majority of cultivars were produced using the traditional open pol-
lination procedure, thus originating from a restricted number of cultivars. This approach,
which has been used for years, along with the restricted initial genetic resources, may have
led to the observed narrow genetic variability among cultivars.

However, we need to highlight that the feijoa selection is quite recent (end of the
19th century) [60], and, in addition to the exiguity of the genetic pool mainly based on the
Uruguayan type, it may be another reason for the limited genetic differentiation among
varieties. Indeed, a fruit species subjected to domestication for a longer period might
induce a continuous selection of new varieties based on morphological characteristics well
suited to specific environmental conditions occurring in that era. Then, the commercial-
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ization and spreading of these varieties using vegetative propagation methods (cutting,
micropropagation, grafting, etc.) will stabilize their genomes. Consequently, the repeating
of these procedures throughout the domestication span has led to newly selected cultivars,
showcasing advantageous traits, which tend to exhibit greater genetic distances among the
others over time. This effect can be observed by comparing the genetic diversity detected
in our study with one of another long-lived perennial and outcrossing species such as
the olive, whose cultivation dates back to one of the earliest agricultural practices in the
Mediterranean basin [61]. Despite the inclusion of several varieties developed worldwide
in this study, the identified genetic diversity among feijoa cultivars ranked 0.27, while the
genetic diversity values for olive regional cultivars typically fall within the range of 0.32 to
0.40 using AFLP [62–65].

In any case, exploring the genetic variability of wild accessions of feijoa becomes
mandatory for increasing the genetic reservoir as well as identifying the relationship be-
tween genetics and agronomic traits. Our research based on AFLPs has demonstrated
substantial genetic variability within WTs even in a limited region of collection, underscor-
ing the necessity to expand its areas of investigation.

This study also pinpointed the considerable genetic divergence between WTs and
cultivars. The AMOVA and PhiPT values indicated a definite genetic variation among the
two populations (39% and 0.392, respectively). Furthermore, these findings evidenced the
low gene flow (0.775) between the two groups. As stated by Hutchinson and Templeton [66],
a gene flow < 1 stands for a distinct variation among populations which is caused by genetic
drift. In this context, the genetic drift and divergence are the consequences of the recent
feijoa domestication as well as the mating system.

Despite the lower genetic variability observed in cultivars compared to WTs, our
analysis revealed the presence of two distinct clusters using two different methodologies: a
Bayesian procedure (STRUCTURE) and clustering analysis (UPGMA dendrogram). Con-
firming our earlier findings, the WTs exhibited greater genetic distance from cultivars.
Interestingly, cultivars themselves formed two separate groups. Nevertheless, the net
genetic distance between these two clusters was relatively small (0.0568), as determined
using STRUCTURE. This segregation was further supported through the UPGMA dendro-
gram, which demonstrated a strong cophenetic correlation (85%) with Provesti distances.
Comparisons with prior studies [14,25] revealed both similarities and differences. Notably,
the three Edenvale cultivars (E. late, E. improved, and E. supreme) exhibited a high genetic
association, consistent with previous RAPD analysis by Dettori and Palombi [25]. Simi-
larities between Apollo and Gemini varieties, as observed in our study, align with their
findings. Conversely, AFLPs indicated a significant genetic similarity between David and
Nazemetz, contrasting with Dettori and Palombi’s [25] report of these cultivars belonging
to distinct clusters. However, our findings align with Pasquariello et al.’s [14] study using
SRAP. In this context, this distinction between the two groups of cultivars can be considered
as the consequence of approximately only one year of selection.

Regardless, our results evidenced a tendency for cultivars produced from various coun-
tries to group in the same clusters, consistent with observations from prior studies [14,25].
This supports the notion that domestication might have originated from a singular, restricted
population, as previously reported [5,14,25,59].

5. Conclusions

This study is the first assessment of feijoa genetic variability through AFLP markers.
The feijoa, used for its fruit characteristics (e.g., nutritional and nutraceutical properties),
environmental adaptability, and ornamental purposes, is a crop with an unexplored po-
tential due to the little information about its genetic features, cultivar origin traceability,
short fruit shelf-life and the difficulties in vegetative propagation. This study highlights
the genetic diversity among globally produced cultivars, indicating a limited divergence
when compared to wild samples collected from a confined region in Misiones. Thus, in-
creasing the study areas of wild accessions is advisable for a better knowledge of the feijoa
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germplasm in its center of origin and the identification of peculiar genetic/morphological
traits to enhance the known varieties. In this context, molecular markers play a crucial
role in identifying wild accessions with genetic traits that are advantageous to enhance
vegetative propagation, fruits (long shelf-life) and flowers (size, shelf-life and appeal), as
well as ornamental aspects, all to be integrated into genetic improvement processes.

To achieve this purpose, our research reports that AFLPs are a reliable technique for
distinguishing the genetic variability among feijoa cultivars and wild accessions. Thus,
AFLPs can be used as a powerful tool to support F. sellowiana selection, also allowing the
recognition of potential new accession in breeding programs.

Moreover, a deeper analysis could be performed using advanced techniques such
as Next Generation Sequences (NGSs), studying the whole genome and using different
molecular markers, such as SNPs.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/horticulturae10040366/s1, Figure S1: ∆K of the Evanno method
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