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Abstract

The present study aims to evaluate the genetic varia-
bility of vitro plants obtained from a pineapple ecoty-
pe (Ananas comosus) from the Venezuelan Amazon,
known as Gobernadora through Randomly Amplified
Polymorphic DNA (RAPDs markers). Vitroplans were
obtained via three different protocols: Bud culture (BC),
somatic embryogenesis (ES) and adventitious organo-
genesis (OA). Genomic DNA was obtained from lea-
ves sections from different groups of vitroplants and
the mother plant. Fourteen decameric primers of arbi-
trary sequence were tested in the analysis. The elec-
trophoresis revealed 77 bands: 70 were common both
to the mother plant and to the vitroplants obtained by
the three morphogenic processes, (90.9 monomorphic
bands) and 7 were not common (9.1% polymorphic
bands). The initiators OPA-01, OPB-01, OPF-13, and
OPV-19 detected polymorphism in a plant obtained
through bud culture, which was named Gob B6. This
plant had a different leaf anatomical structure than that
of the mother plant and that of the population of in vitro

plants obtained through bud culture. The genetic insta-
bility presented in the in vitro plants obtained through
bud culture leads us to conclude that the processes
of somatic embryogenesis and adventitious organoge-
nesis are more reliable systems for the mass clonal
propagation of these plants. This study may provide
information on how different morphogenic pathways,
induced in the in vitro environment, can affect the ge-
netic stability of in vitro pineapple plants.

Keywords: Clonal propagation, organogenesis, so-
matic embryogenesis, buds culture, clonal stability,
molecular markers.

Resumen

El presente estudio tuvo como objetivo evaluar la va-
riabilidad genética de vitroplantas obtenidas de un
ecotipo de pifia (Ananas comosus) de la Amazonia
venezolana, conocido como Gobernadora a través de
marcadores de ADN Polimérfico Amplificado Aleato-
riamente (RAPDs). Las vitroplantas se obtuvieron a
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través de tres diferentes protocolos: cultivo de yemas
(CY), embriogénesis somatica (SE) y organogéne-
sis adventicia (OA). EIl ADN genomico se obtuvo de
secciones de hojas de las vitroplantas y de la planta
madre. El analisis se realizd con catorce iniciadores
decaméricos de secuencia arbitraria. La electrofore-
sis reveld 77 bandas: 70 fueron comunes a la planta
madre y a las vitroplantas obtenidas mediante los tres
procesos morfogenéticos (99 bandas monomorfas),
y 7 bandas que no eran comunes (9,1 % de bandas
polimorfas). Los iniciadores OPA-01, OPB-01, OPF-
13 and OPV-19 detectaron polimorfismo en una planta
obtenida a través del cultivo de yemas, la cual se de-
nominé Gob B6. Esta planta tuvo una estructura anato-
mica de la hoja diferente a la de la planta madre y a la
de la poblacién de plantas in vitro obtenidas mediante
cultivo de yemas. La inestabilidad genética presentada
en las plantas in vitro obtenidas mediante el cultivo de
yemas, nos lleva a concluir que los procesos de em-
briogénesis somatica y organogénesis adventicia son
sistemas mas fiables para la propagacion clonal masi-
va de estas plantas. Este estudio puede proporcionar
informacion sobre como las diferentes vias morfogéni-
cas, inducidas en el ambiente in vitro, pueden afectar
a la estabilidad genética de las vitro plantas de piia.

Palabras clave: propagacion clonal, organogénesis,
embriogénesis somatica, cultivo de brotes, estabilidad
clonal, marcadores moleculares.

Introduction

Pineapple (Ananas comosus L.) Merr.) is one of the
most commercially important tropical fruits due to its
pleasant taste and its high content of antioxidants,
enzymes, nutrients and compounds beneficial to the
body. In Venezuela, ‘Espanola Roja’ constitutes the
main commercial pineapple cultivar (d’Eeckenbrugge
et al., 2011). In the south of the country there are di-
fferent endogenous pineapple ecotypes which are of
local importance, nonetheless their market is restric-

ted to several localities of the Amazonas state and are
cultivated mainly by aboriginals of the Piaroa ethnic
group (Betancourt, 2006). They cultivate pineapples
throughout the year mainly by use of vegetative propa-
gules like crowns, or suckers. The time from planting to
harvest depends on the type of planting material used,
approximately 15 to18 months and for shoots, and 22-
24 months for crowns (d’Eeckenbrugge et al., 2011).

Thus, plant tissue culture has been used as an alterna-
tive for massive in vitro clonal propagation of different
cultivars of A. comosus (Sripaoraya et al., 2003; Mogo-
lI6n et al., 2004; Firoozabady and Moy, 2004; Saucedo
Aguiar et al., 2008; Pineda et al., 2012), Venezuelan
Amazonian ecotypes (Blanco et al., 2011; Blanco Flo-
res et al., 2017) and Mexican creole pineapple (Torres
Ruiz et al., 2023). The use of these vitroplants makes it
possible to obtain great quantity of plantlets in a timely
fashion thought the whole year, regardless of seasonal
changes.

Obtaining whole plants from plant cells or tissues is an
asexual process that involves only mitotic division and,
in theory, should not cause genetic alterations (Bairu
et al., 2011). However, it has been observed that this
biotechnological tool can, in some cases, generate
variants product of somaclonal variation (Larkin and
Scowcroft, 1981). These changes may be a conse-
quence of both mutations and mechanisms that alter
the pattern of genetic expression, epigenesis. Soma-
clonal variation has been reported in different commer-
cial cultivars of A. comosus (Perez et al., 2012) also in
the ornamental pineapple var. Bracteatus (Santos et
al., 2008).

Molecular techniques have been used for the evalua-
tion of the genetic stability of plants derived from diffe-
rent in vitro clonal propagation systems (Giménez et
al., 2001; Vargas et al., 2008; Bairu et al., 2011; Nand-
hakumar et al., 2017). The set of molecular techniques,
used for this purpose, are modifications or are coupled
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to ex situ amplification of the DNA by means of the
Polymerase Chain Reaction (PCR) (Bardakci, 2001).
Among these, Randomly Amplified Polymorphic DNA
(RAPD) has been widely used because it represents
an efficient and inexpensive technique to detect diffe-
rent variants or to confirm the genetic fidelity of plants
of different species derived from plant tissue culture
(Sebastiani and Ficcadenti, 2016; Stanisi¢ et al., 2015;
Shair et al.,, 2016; Kumar et al., 2016; Thorat et al.,
2016).

The present study aims to genetically characterize vi-
troplants of Amazonian ecotype of A. comosus, called
Gobernadora through the use RAPD markers. The vi-
troplants were obtained by three different in vitro pro-
cesses: bud culture, somatic embryogenesis and ad-
ventitious organogenesis.

Material and Methods

Gobernadora pineapple plants obtained through axi-
llary buds culture (Blanco et al., 2011) were used in
this research. This material is kept in the in vitro and ex
situ germplasms of the Laboratorio de Biotecnologia
Vegetal of the Instituto de Biologia Experimental, Uni-
versidad Central de Venezuela.

Table 1

These vitroplants were multiplied using three different
in vitro protocols: a) bud culture (BC), somatic embr-
yogenesis (SE), and adventitious organogenesis (AO),
and the new plants were analyzed for assessment ge-
netic fidelity (table 1). Foliar sections of Gobernadora’s
mother plants, growing in soil, were used as control.

Genomic DNA isolation

Genomic DNA was extracted from pineapple leaf tis-
sue using a modified CTAB protocol based on Michiels
et al. (2003), optimized for samples with high polysac-
charide content. The main steps of the extraction pro-
cedure are summarized in table 2.

Integrity and quantification purified DNA

The integrity of the genomic DNA was evaluated by
0.8% agarose gel, in horizontal electrophoresis prepa-
red with 0.5 X Tris-Borate EDTA buffer solution (0.5
X TBE) and stained with 1 pyg.mL" ethidium bromide.
The DNA bands were visualized by ultraviolet irradia-
tion supplied by a GEL-DOC 2000 BIO RAD brand
transilluminator. For the electrophoretic analysis, a kit
of molecular mass markers (phage DNA fragments A
formed by the action of the Hind Ill endonuclease) was

Summary of in vitro propagation protocols for Ananas comosus (Gobernadora).

Protocol Explants

Culture Medium (Key Additives)

Duration & Conditions

MS + BAP 0.5-1.0 mg.L”", NAA 4 weeks in liquid, then semi-

Axillary buds from

Bud Culture (BC) vitroplants

0.01 mg.L", Thiamine, Myo-inosi-
tol, 30 g.L" sucrose.

solid; RITA system (Blanco et
al., 2011).

Somatic
. Leaf base sec-
Embryogenesis (SE) tions
(Figure 1).

MS + Picloram 5 mg.L"" + Thidia-
zuron 1 mg.L" (induction), hormo-
ne-free for maturation.

10 weeks (dark) + 6 weeks (li-
ght, 16 h photoperiod). (Blan-
co Flores et al., 2017).

Leaf base sec-
tions

Adventitious
Organogenesis (AO)

MS + NAA 2 mg.L" + BAP 5 mg.L-
' (induction), hormone-free for de-
velopment.

10 weeks (light) + 6 weeks
(light). (Blanco Flores et al.,
2017).

Note. MS= Murashige and Skoog medium.
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Figure 1

Acclimatized Gobernadora plants obtained though somatic embryogenesis.

Table 2

Summary of genomic DNA isolation protocol (modified from Michiels et al., 2003).

Step

Procedure / Reagents

Conditions

Tissue preparation

0.1-0.2 g leaf sections macerated
in liquid nitrogen.

Cell lysis

Add 700 yL 4% CTAB buffer + 5
ML B-Mercaptoethanol (preheated
65°C).

Incubate at 65°C, 1-2 h; invert
every 10 min.

Phase separation

Add 700 pL chloroform:isoamyl al-
cohol (24:1), mix gently.

RT, invert 10 min; centrifuge
13,000 RPM, 10 min.

Aqueous phase recovery

Carefully transfer upper phase to
new tube.

DNA precipitation

Add 100 pL cold 7.5 M ammonium
acetate + 700 uL cold absolute
ethanol.

Incubate —20°C, 30 min; centri-
fuge 13,000 RPM, 15 min.

DNA washing

Wash pellet with 1 mL 70% ethanol.

Centrifuge 13,000 RPM, 5 min.

Final resuspension

Resuspend DNA in 10 mM Tris-
HCI-EDTA (TE), pH 8.0.

Store at —20°C.
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used. Two methods were used to estimate the yield
of the extraction (ug DNA.g leaf tissue™): a) measure-
ment of the OD of the samples at 260 nm using Phar-
macia brand spectrophotometer model Ultrospect IIl.
This method has the disadvantage of overestimating
the amount of DNA by the hyperchromic effect. For
that reason, an additional method (visual analysis of
the intensity of Agarose gel bands) was used. Serial
dilutions were made to the DNA plants samples with
TE buffer, and then subjected to electrophoresis. Di-
lutions were done in order to obtain band intensities
that were comparable to the intensity of any of the MW
(molecular weight marker) whose mass is known. In-
formation on the amount of DNA (ng) per pL of load for
each MW is supplied by the manufacturers. With this
semi-quantitative method, it was possible to estimate
the concentration of the extracted DNA ([ADNext] = [ng
band DNA sample pL"load] x Dilution factor) and the
Yield ([Rend] = ug AD Next g leaf tissue). Concen-
trated and diluted samples were stored at -20°C until
used in PCR-RAPD amplification reactions.

PCR-RAPD analysis

The genetic stability of vitroplants was evaluated by
RAPD primers-PCR analysis. The amplification reac-
tions were carried out in a final volume of 25 L contai-
ning approximately 9 ng of genomic DNA, 2.5 uL of 10

Table 3

X buffer solution, 2.5 pL of each 5 yM RAPD initiator,
0.5 pL of the mixture of 40 mM DNTPs, 1U of GoTaq®
DNA Polymerase (Promega, Madison, USA) and the
reaction volume was completed with miliQ water pre-
viously autoclaved. Fourteen RAPD initiators (Bioneer,
South Korea) (table 3) selected by previous studies on
genetic stability in micropropagated pineapple plants
were tested (Soneji et al., 2002; Santos et al., 2008).
For each initiator a control reaction was prepared to
rule out contamination from another source of DNA (all
reaction components except the DNA sample).

Once the reaction mixture was prepared, these were
placed in the BIORAD Thermocycler programmed with
the following physical conditions: Initial denaturation,
94°C (10 min); 40 cycles with denaturation 94°C (1
min), alignment 36°C (1 min) And extension 72°C (2
min) and final extension at 72°C (10 min). The ampli-
fication products (amplicons) were separated on 1.5%
agarose gel by horizontal electrophoresis, stained with
ethidium bromide, visualized on the Transilluminator
and the image exported and stored in TIFF format on
the computer.

Bands analysis

The size of the amplicons was estimated by compa-
rison with the running pattern of 1Kb molecular mass

Decameric arbitrary sequence oligonucleotides (initiators) used in the RAPD analysis of the plants obtained by

in vitro culture of the Gobernadora pineapple.

Primers Sequence (5'- 3') Primers Sequence (5°- 3)
OPA-01 CAG GCCCTTC OPF-13 GGC TGC AGA A
OPA-02 TGC CGAGCT G OPL-17 AGC CTGAGC C
OPA-03 AGT CAGCCAC OPM-13 GGT GGT CAAG
OPA-20 GTT GCG ATCC OPP-16 CCAAGCTGCC
OPB-01 GTTTCGCTCC OPT-07 GGCAGGCTGT
OPB-19 ACC CCC GAAG OPV-19 GGG TGT GCA G
OPC-19 GTT GCC AGC C OPX-03 TGG CGC AGT G
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markers in the Bioneer ladder, South Korea. Data were
recorded as presence (+) or absence (-) of bands. The
RAPD profile of the plants obtained by in vitro cultu-
re was contrasted with the amplification pattern of the
mother plant. All amplifications were performed in du-
plicate and only those reproducible bands were consi-
dered for analysis. In case of variation, in some cases,
a third amplification was necessary for confirmation.
The total number of amplified bands was recorded,
those that were mono and polymorphic were identified,
and an estimate of Polymorphism (Number of polymor-
phic bands divided by total number of bands) was per-
formed on plant samples obtained by different in vitro
culture methods and the mother plant. For the analy-
sis, 9 vitroplants propagated by BC, 5 obtained via SE,
5 obtained via AO and 5 mother plants of the ecotype
Gobernadora, were analyzed.

Anatomical patter

Leaf anatomical patterns of the new pineapple variant
Gob B6 and its mother plant were analyzed. Foliar
sections of Gobernadora’s mother plants growing in
soil, were used as control, to determine changes in the
leave structure. Leaves from 5 mother Gobernadora
plants and leaves from 5 Gob B6, were cut in small
sections, dehydrated with ethanol series, stained with
Toluidine blue, fixed with glycerin (30%) and mounted
in glad slides. The were observed through Nikon 14
MLAB-2 and Nikon OPTIPHOT optical microscopes,
the latter with a built-in light polarizer. Photographs of
anatomical sections were taken with a camera SONY,
Ciber-shot, DSC-brand digital camera, 10.1 Mega
pixels.

Results and Discussion

Monitoring the genetic identity of plants obtained throu-
gh in vitro culture is crucial, as interactions between
intrinsic tissue factors and the microenvironment can
induce genetic variation. To this end, high-molecu-

lar-mass DNA (approximately 23,130 bp) was isolated
from Gobernadora plants of the A. comosus ecotype.

The estimated average yield according to the spec-
trophotometric analysis was 251.9 + 42.13 pg.g™” leaf
tissue. However, it was necessary to utilize an addi-
tional determination method since spectrophotometry
overestimates said parameter (hyperchromic effect,
Voet et al. (2009). At A = 260 nm, not only does the
integrated double-stranded DNA absorb energy, so
do single-stranded nucleic acids and free nucleotides.
These last two have a higher molar extinction coeffi-
cient and, therefore, have a greater capacity for UV
light absorption than the double-chain molecule. The
alternative method was a visual analysis of the intensi-
ty of bands at different dilutions in the agarose gel. This
last method allowed to determine the amount of whole
DNA extracted from the plants (semi-quantitative esti-
mation). The average yield according to this alternative
methodology was 2.35 + 0.08 ug g leaf tissue.

In the PCR-RAPD analysis, fourteen arbitrary sequen-
ce decameric initiators (ID) were tested for the genetic
stability analysis of Gobernadora pineapple plants ob-
tained by in vitro culture (table 1). Of the 14 RAPD ini-
tiators only 8 gave DNA amplification (table 4). Electro-
phoretic analysis revealed a total of 77 bands; of which
70 were common both for the mother plant and for the
vitroplants obtained by the 3 morphogenic pathways
(90.9% monomorphic bands) and 7 not common (9.1%
polymorphic bands). Polymorphism, in pineapple
plants derived from tissue culture, was detected both
by absence of existing bands, and by the presence of
new bands with respect to the mother plant.

The above can be compared with the results of Santos
et al. (2008), who evaluated genetic variability in micro-
propagated Ananas comosus var. Bracteatus plants
after four subculture cycles using varying concentra-
tions of benzyladenine (BA). They observed a 2.8%
polymorphism and concluded that BA can influence the
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Table 4

RAPD analysis of A. comosus (Gobernadora) plants obtained in vitro culture.

Initiators Number of total bands Number of polymorphic bands
OPA-01 10 2
OPA-03 15 0
OPA-20 8 0
OPB-01 10 1
OPF-13 8 1
OPT-07 10 0
OPV-19 11 3
OPX-03 5 0
Total 77 7

occurrence of genetic variation. In our study, although
different morphogenetic protocols and cytokinin con-
centrations were employed, off-type plants only emer-
ged in the group propagated by axillary buds grown on
media containing a relatively low concentration of BA
(0.5 mg L"), notably lower than the 5 mg L' common-
ly used to induce organogenesis. This suggests that
while plant growth regulators, such as cytokinins, can
induce genetic changes, other factors, such as prolon-
ged cultivation duration and endogenous cytokinin le-
vels, also contribute to somaclonal variation.

From eight IDs which amplified plant DNA, four of them
(OPA-01, OPB-01, OPF-13 and OPV-19), detected di-
fferent genetic variations in the vitroplant population.
These four IDs detected polymorphism in a plant ob-
tained by bud culture, called Gob B6 (figures 2 to 5).

IDs OPA-01 and OPF-13 detected variation only in the
Gob b6 vitroplant (figures 2 and 3), OPA-01 detected
the absence of two bands, one approximately to 2000
bp and another located between 1610 and 982 bp (fi-
gure 2), and the OPF-13 ID detected the absence of
these latest band between 1610bp and 982bp (figure
3).

OPV-19 revealed the same genetic variation in two
vitroplants obtained by bud culture, Gob B1 and Gob
B6, the amplification pattern shows the absence of 3
bands with molecular masses between 2961 and 1610
bp (figure 4). IDs OPA-01, OPF-13 and OPV-19 did
not reveal polymorphism in the vitroplants obtained by
both SE and AO.

The OPB-01 initiator revealed an additional band
(<500 bp) in all the Gobernadora’s sampled vitroplants
obtained by the 3 morphogenic pathways (BC, SE and
AO) that is not present in the mother plant (figure 5).
Additionally, the pattern generated by Gob B6 is diffe-
rent from those generated by the others plants tested.

The pattern generated by OPB-01 in all the vitroplants
is the same when they are obtained by somatic embr-
yogenesis or adventitious organogenesis (figure 6).

Interestingly, primer OPBO01 revealed a polymorphic
band in all tested Gobernadora vitroplants. This echoes
the results of Santos et al. (2008), who detected a simi-
lar band across various micropropagated A. comosus
var. Bracteatus samples, irrespective of culture me-
dium. Lee (2019) further emphasized the central role
of plant hormones and their regulatory interactions in
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Figure 2

Ampilification pattern generated by OPA-01 in the Gobernadora ecotype plants.

Mw - MP B8 B7 B6 Mw

2000 pb

1610 pb

982 pb

Note. MW: molecular mass marker, (-): the initiator, MP: control mother plant. B6, B7 and B8 are Gobernadora
plants obtained by BC. (*): indicate the absence in Gob B6 pattern, of two bands: one close to 2000 bp, and other
between 1610 bp and 982 bp.

Figure 3

Ampilification pattern generated by OPF-13 in pineapple Gobernadora plants ecotypes B6 and B8 obtained by
BC.

1610 pb

982 pb

Note. (*): indicate the absence one band, close to 1610 bp, in Gob B6 pattern.
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Figure 4

Ampilification pattern generated by OPV-19 in pineapple Gobernadora ecotypes B1, B2, B3, B4, B5, B6, B7 and
B8, obtained by BC.

VIV = MP B3 B6

2961 pb

1610 pb

Note. MW: molecular mass marker. (*): indicate the absence of 3 bands between 1610 and 2961 base pairs, in
the patterns generated by Gob B6 and Gob B1.

Figure 5

Ampilification pattern generated by OPB-01 in plants de Gobernadora ecotype plants: B1, B2, B3, B4, B5, B6
and B7 obtain by BC.

MW - PRM MW B1 B2 B3 B4 B5 MW B6 B7

" :—
=]
=
e
]

500 pb

1

Note. The arrows indicate the presence of an additional band <500 base pairs, that is not present in the mother
plant (MP). The pattern generated by Gob B6 is different from those generated by the others plants tested.
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Figure 6

Ampilification pattern generated by OPBO01 in vitroplants of Gobernadora ecotype obtained by somatic embryo-

genesis (ES1, ES2, ES3, and ES4).

MW - PM ES1 ES2 ES3 ES4

TN Y“vYemEeEeEne
| g

500 pb

¢ -4
2. B

RS S e W

® -

Note. This picture also shows the amplification pattern generated by OPBO01 in vitroplants of Gobernadora ori-
ginated through adventitious organogenesis induced in the base of leaves (01, 02, O3, 04, O5). The arrows
indicate the presence of an additional band <500 base pairs, that is not present in the mother plant.

determining meristematic activity. Given the consis-
tent presence of this polymorphic band across multiple
bud-derived subcultures, we hypothesize that this ge-
netic mutation likely occurred early in the multiplication
phase.

However, Stanisi¢ et al. (2015), when assessing gene-
tic stability in Iris sibirica plants regenerated using SE
and OA with 2,4-D and thidiazuron, found no variation
using RAPD, supporting the idea that certain regene-
ration protocols are less likely to induce mutations. Our
findings align with this, as pineapple plants regene-
rated from SE and AO using leaf base explants de-
monstrated superior genetic stability compared to tho-
se derived from axillary buds. These results suggest
that morphogenetic induction from leaf base explants
is more reliable for maintaining clonal fidelity, whereas
bud culture may subject tissues to stress, increasing
the risk of somaclonal variation.

In their study, Soneji et al. (2002) used RAPD analysis
to differentiate between normal (spined) and variant
(spineless) A. comosus ‘Queen’ regenerants. Interes-
tingly, spineless variants were derived from axillary
buds of crowns with normal leaves. Among 58 arbitrary
primers used, only a few distinguished between phe-
notypes. Likewise, in our study, OPAO1 detected varia-
tion in the Gob B6 vitroplant derived from bud culture.
Meanwhile, OPA03 again showed no polymorphism,
and OPAO2 did not amplify.

Roostika et al. (2016), working with the Simadu pine-
apple clone, identified extended culture duration as a
major contributor to somaclonal variation, though the
authors also recognized the role of regeneration me-
thod and plant growth regulators. In our study, all plant
material originated from Gobernadora pineapple germ-
plasm established via axillary bud culture (Blanco et
al., 2011) and maintained for over ten years. Despite
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their common origin, the plants responded different-
ly under alternative regeneration protocols. Notably,
plants regenerated through SE and AO from leaf-base
explants displayed greater genetic stability than those
derived from bud culture.

Gob B6 vitroplant, which was obtained throughout bud
culture, was detected as off-type plant by four indepen-

Figure 7

dent initiators. It is interesting to note that the anatomi-
cal leaf structure of this vitroplant is also different from
that of the population of vitroplants obtained through
bud culture. The structural analysis of the leaf demons-
trated a decrease in the thickness of the epidermis, re-
duction of cell layers in the aquifer hypodermis, and a
mesophyll practically occupied by large chlorenchymal
cells (figures 7 and 8). Based on these results, Gob B6

Leaf anatomical pattern of mother plant of Gobernadora ecotype.

Note. ADE: adaxial epidermis, MH: mechanical hypodermis, AH: aquifer hypodermis, ABE: abaxial epidermis,

VB: vascular bundle, EVB: extravascular fiber bundle.

Figure 8

Leaf anatomical pattern of Gob B6 variant obtain through adventitious organogenesis.

Note. A: General aspect (100X) ADE: Adaxial epidermis, AH: aquifer hypodermis, obliterate cells are observed
between the chlorenchyma (CH) and the poorly differentiated mechanical hypodermis (MH) (100X). The meso-
phyll is dominated by the chlorenchyma. B: Details of the aquifer hypodermis show that it is formed by a layer of

obliterated flattened cells (400X).
Petroglifos 8(2): e080201 julio-diciembre 2025 @

DOI: 10.5281/zenodo.17506082 11


http://doi.org/10.5281/zenodo.17506082

http://doi.org/10.5281/zenodo.14832784


Blanco Flores et al.

could be considered a somaclonal variant.

Pendi et al. (2022) studied in vitro-propagated MD2
pineapples using both RAPD and ISSR markers and
concluded that morphological traits did not always co-
rrelate with underlying genetic structure. Consistent
with this, our study found that four primers detected
genetic variation specifically in the Gob B6 plant obtai-
ned via bud micropropagation. This variant condition
was also validated through foliar anatomical analysis,
which revealed structural alterations including chloren-
chymatous mesophyll, a poorly differentiated mechani-
cal hypodermis, and a single-layer aquifer hypodermis
with obliterated cells. These findings confirm that Gob
B6 represents a somaclonal variant.

Conclusions

The present study demonstrates that the morphoge-
nic induction (adventitious organogenesis or somatic
embryogenesis) in sections of leaf base explants, pro-
duces genetically stable pineapple vitroplants. On the
contrary, axillary buds were more susceptible to the
stress generated by the in vitro culture and therefore,
are more prone to give rise to genetic variability.

Based on the results of the RAPD analysis we con-
cluded that OPA-01, OPB-01, OPF-13 y OPV-19 pri-
mers were adequate and sufficient for the assessment
of clonal fidelity of A. comosus (ecotype Gobernadora)
vitroplants.

The instability associated with in vitro bud culture for
A. comosus ‘Gobernadora’ points toward somatic em-
bryogenesis and adventitious organogenesis as more
robust methods for large-scale clonal propagation of
genetically stable pineapple plants.

Amplification patterns generated by OPA-01, OPF-13
and OPV-19 primers showed polymorphism in a vitro-
plant obtained through bud culture (Gob B6). OPV-19

RAPD pattern showed polymorphism in another vitro-
plant, (Gob B1) that was also obtained through bud
culture. The statement that Gob B6 is a variant is co-
rroborated also by the leaf anatomical analysis. The
anatomical leaf structure is different from that of the
population of vitroplants obtained through bud cultu-
re. It is characterized by a decrease in the thickness
of the epidermis, reduction of cell layers in the aquifer
hypodermis, and mesophyll practically occupied by lar-
ge chlorenchyma cells. Based on its distinct genetical
and anatomical patterns we conclude that Gob B6 is a
somaclonal variant. The next step will be to grow Gob
B6 in the field to assess productivity and quality to eva-
luate if it meets commercial standards.
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