Micropropagation of garlic (Allium sativum L.)
and determination of the genetic stability of
the plantlets obtained by AFLP markers
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ABSTRACT

This work was aimed to establish a methodology for the micropropagation of garlic (Allium sativum L.)
‘Criollo-9’ clone, to assess different combinations of AFLP primers to determine the genetic stability of vitroplants and to
assess morphoagronomically the regenerants that were obtained in vitro. Cloves showing no signs of disease and under
asepsis conditions were selected; the caudal apices were extracted between 5-10 mm and growth and development
were assessed, both in vitro and ex vitro. As results, with the MS medium with NAA (0.1 mg/L) and Kinetin (0.1 mg/L) the
cauline apices reached a higher percentage of establishment, in a shorter time; the highest number of shoots (20) was
emitted in a medium enriched with NAA (0.1 mg/L) and 2-iP (4 mg/L) and for the first time in Cuba, AFLP markers were
used in garlic and with the different combinations of primers that were used variability was not detected in the regen-
erants obtained. The percentage of in vitro bulbification was higher and was achieved in a shorter time in MS medium
without growth regulators. The acclimatization of the microbulbils was higher than 99 % in a substrate containing zeolite
(25 %) and organic matter (75 %). Under field conditions, yields higher than 12 t/ha were obtained and the results with
molecular markers were corroborated, so the micropropagation technique is feasible to apply to this garlic genotype.
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RESUMEN

Micropropagacion del ajo (Allium sativum L.) y determinacion de la estabilidad genética de las plantulas
obtenidas mediante marcadores AFLP. El objetivo de este trabajo fue establecer una metodologia para la micro-
propagacién del ajo (Allium sativum L.) clon ‘Criollo-9’, evaluar diferentes combinaciones de iniciadores AFLP para
determinar la estabilidad genética de las vitroplantas, y los regenerantes que se obtuvieron in vitro segun caracteres
morfoagronémicos. Se seleccionaron dientes de ajo que no presentaban signos de enfermedad. En condiciones de
asepsia se extrajeron los dpices caulinares entre 5-10 mm y se evalué su crecimiento y desarrollo, tanto in vitro como
ex vitro. Los dpices caulinares crecieron mds rapido y mostraron un mayor porcentaje de establecimiento con el medio
MS con ANA (0.1 mg/L) y Kinetina (0.1 mg/L); el mayor nimero de brotes (20) lo emitieron en un medio enriquecido
con ANA (0.1 mg/L) y 2-iP (4 mg/L). Por primera vez en Cuba, se emplearon los marcadores AFLP en ajo, y con las
diferentes combinaciones de cebadores que se emplearon no se detecté variabilidad en los regenerantes obtenidos.
El porcentaje de bulbificacién in vitro fue superior y se logré en un menor tiempo en un medio MS sin reguladores
del crecimiento. La aclimatizacién de los microbulbillos fue superior al 99 % en un sustrato que contenia Zeolita (25
%) y materia orgdnica (75 %). Se obtuvieron rendimientos superiores a las 12 t/ha en condiciones de campo y se
corroboraron los resultados obtenidos con los marcadores moleculares. Por tales razones, se demuestra que la téc-
nica de micropropagacién es factible para la propagacion y cultivo del ajo de este genotipo con altos rendimientos.

Palabras clave: propagacién in vitro, marcadores moleculares, rendimiento de cultivo, sustratos

Introduction

Garlic (Allium sativum L.) is among the earliest plants
consumed by man for culinary or medicinal purposes
[1]. Some beneficial compounds for health, such as
essential oils, anthocyanins, prostaglandins, fructans,
pectins, oligosaccharides, adenosine and vitamins,
among others, are found in leaves and bulbs, but allicin
is the main responsible for its medicinal properties [2].
Regular consumption of this vegetable prevents dia-
betes, asthma, cardiovascular diseases and cancer [3].

Production in the world increased by 36 %, with an
annual average above 17 million tons and an average
yield of 11.78 t/ha [4]. This species has great economic

importance for our country, since its demand by the
population grows more every day; however, numerous
efforts are being made to obtain new genotypes better
adapted to our environmental conditions and to ensure
yields above 6 t/ha, due to the difficulties encountered
with its cultivation [5].

Genetic improvement by traditional methods is
very difficult, since it is a species of asexual reproduc-
tion and strict apomixis, reason why the only route of
propagation is by the microbulbils or cloves that are
formed annually in the bulb [6]; every year cloves are
sown from bulbs harvested the previous year in order

1. Cunha CP, Hoogerheide ES, Zucchi MI,
Monteiro M, Pinheiro JB. New microsatel-
lite markers for garlic, Allium sativum
(Alliaceae). Am J Bot. 2012;99(1):e17-9.

2. Arzanlou M, Bohlooli S. Introducing
of green garlic plant as a new source of
allicin. Food Chem. 2010;120:178-83.

3. Rana SV, Pal R, Vaiphei K, Sharma SK,
Ola RP. Garlic in health and disease. Nutr
Res Rev. 2011;24(1):60-71.



Izquierdo-Oviedo H, et al.

Garlic micropropagation and AFLP markers

to obtain new harvests. Under these conditions, phy-
topathogenic diseases are more easily transmitted to
the offspring, which causes a progressive and irrevers-
ible weakening of clones or cultivars. There are sev-
eral phytosanitary problems capable of causing losses
of 50 % or more in yields, either due to the presence
of diseases caused by nematodes, fungi, bacteria or
viruses, these last the most influential in the deterio-
ration of the crop. The onion yellow dwarf polyvirus
(OYDV), the leek yellow striatum virus (LYSV) and
the shallot latte virus (SLV) are the most frequent, and
the first of them the most difficult to eradicate [7, 8].
This is where the use of biotechnological techniques
could have a substantial impact.

The development and application of biotechnology
has great importance for garlic, which allows micro-
propagation of clones previously cleaned from viruses
and obtaining basic seed of high biological quality.

Biotechnological methods are applied to garlic in
different countries, aiming at obtaining and character-
izing improved genotypes and providing a vegetative
propagation technique that facilitates the maintenance
of materials of interest [1, 7]. Nonetheless, these re-
sults are not always extrapolated, which may be due
to differences in the genetic and physiological char-
acteristics of the clones or cultivars grown and their
adaptation to other ecological conditions.

Morphological [9], physiological [10], cytogenetic
[11], and isoenzyme markers [12] are used to deter-
mine variations in the genome of Allium sativum L.
plants obtained in vitro. Yet, these descriptors may
have some disadvantages such as being subjected to
environmental changes, which at a given time can
modify the expression of a genotype, do not reveal al-
terations of chromosomes [11] at specific sites, or have
a low level of polymorphism and may not show the
genetic changes occurring in DNA [13].

Taking into account advances in biotechnology,
techniques in which molecular markers are used al-
low identifying variations or polymorphisms by dif-
ferences in DNA sequence [14]. These markers are
not affected by the environment [13, 14]. Among
them, the Amplified Fragment Length Polymorphism
(AFLP) technique accurately detects the variation in
many species of the Alliaceae family [12]. AFLPs are
very powerful because they can be used without prior
characterization of the genome sequence. Moreover,
these markers detect a high number of loci not identi-
fied by other markers based on the random-amplified
polymorphic DNA (RAPD) technique [12, 13].

Hence, this work was aimed to establish a meth-
odology for the micropropagation of the garlic
‘Criollo-9’ clone, based on the evaluation of different
combinations of AFLP primers to determine the ge-
netic stability of vitroplants and to assess morphoag-
ronomically the plants obtained by in vitro culture.

Materials and methods

General procedure for the study of the
different phases for micropropagation
Vegetal material

The start planting material was obtained from garlic
(Allium sativum L.) bulbs of the ‘Criollo-9 clone,
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which had no apparent signs of phytopathogenic dis-
ease and had previously been cleared from viruses.
In order to start the in vitro culture, cauline apices
between 5-10 mm-long were used as the source of
explants. All laboratory work was performed under
sterile conditions.

Culture media

The Murashige and Skoog (MS) medium [15] was
used as basal medium and supplemented with thia-
mine HCI (0.4 mg/L), nicotinic acid (0.5 mg/L), pyri-
doxine HCI (0.5 mg/L), glycine (2 mg/L), adenine
sulfate (80 mg/L), myoinositol (100 mg/L), agar
(6.5 g/L) and sucrose (30 g/L). pH was adjusted to
5.7 before sterilization by autoclaving at 121 °C and
1.5 atm for 15 min.

Culture conditions

Cultures were incubated at a temperature of 22 + 2 °C,
35 umol/m?es and a photoperiod of 16 light hours.

Acclimatization of material from in vitro culture

The acclimatization was performed in a greenhouse,
in plastic trays of 72 holes and a capacity of 47.61
cm’. Substrates were prepared with charged zeolite
(Litonite) and decomposed filter cake (organic mat-
ter). All technical requirements were followed ac-
cording to Izquierdo et al. [16].

Statistical analysis

The experiments were repeated three times and all
data were used for each of the indicators assessed.
A completely randomized design was used and
data were processed by one-way ANOVA and the
means were compared according to Tukey’s test
(p < 0.05). The statistical package STATGRAPH-
ICS Plus version 5.0 for Windows was used for
data processing. In all cases, the normal distribu-
tion (Kolmogorov-Smirnov test) and homogene-
ity of variance (Bartlett’s test) were previously
checked.

Study of different phases for micropropagation

Influence of growth regulators on the in vitro
establishment of explants

Explants were inoculated into a culture medium en-
riched with different concentrations and combinations
of growth regulators (Table 1).

The percentage and time of establishment (days)
were assessed.

Table 1. Treatments used for in vitro establishment of
the cauline apices of garlic (Allium sativum L.)

Growth regulators (mg/L)

Treatment

1AA IBA NAA KIN
T - - - -
T2 0.05 - - 0.10
T3 0.10 - - 0.10
T4 - 0.05 - 0.10
T5 - 0.10 - 0.10
T6 - - 0.05 0.10
7 - - 0.10 0.10

* Treatment 1 was considered the absolute control of the ex-
periment. IAA: Indolacetic acid; IBA: Indolebutyric acid; NAA:
Naphthaleneacetic acid; KIN: Kinetin.
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For the first variable the following specification
was taken into account:

Number of explants

reaching 4 cm height

Establishment (%) = x 100

Number of explants
transferred to the culture
medium
The establishment time was determined when the
explants reached a 4-cm height.

Assessment of different growth regulators
and combinations for the induction of
multiple shoots in vitro

Different concentrations of growth regulators were
assessed to induce regeneration of multiple shoots
(Table 2).

The number of shoots per explant (up to the third
subculture) was assessed every 30 days and the root-
ing percentage at 90 days. This last variable was as-
sessed according to the formula:

Rooting (%) = Rooted plantlets % 100
Number of plantlets
transferred to the

culture medium

Role of growth regulators in the induction
of microbulbils in vitro

Vitroplants from the third subculture of the induction
phase of multiple shoots (in vitro multiplication) were
used as planting material, which were transferred to
the culture medium enriched with sucrose 75 g/L. The
treatments used were the following: 1) MS only (ab-
solute control); 2) o-naphthaleneacetic acid (NAA;
0.1 mg/L); 3) isopentenyl adenine (2-iP; 4 mg/L), and
4) NAA (0.1 mg/L) + 2-iP (4 mg/L).

When all leaves were dried, the percentage of bul-
bification, formation time (days) and transverse diam-
eter of the microbulbils (mm) were assessed.

Bulbification was evaluated according to the fol-
lowing formula:

Number of plantlets

Bulbification (%) = bulbified x 100
Number of plantlets
transferred to the culture

medium

Acclimatization of in vitro microbulbils

The microbulbils that were induced in vitro with
75 g/L sucrose were cured and stored in Petri dishes
at 25 + 10 °C and 15 days before planting, they were
placed at 4 °C [6].

The microbulbils were planted at the optimum date
for cultivation (October, 2002-2005) and 35 days
later they were ready for final field transplantation
according to Izquierdo et al. [16]. The combination
of substrates used was as follows: 1) 100 % charged
zeolite (Litonite); 2) 25 % charged zeolite (Litonite)
+ 75 % organic matter (Filter cake); 3) 50 % charged
zeolite (Litonite) + 50 % organic matter (filter cake);
4) 50 % organic matter (filter cake) + 50 % Eutric
compacted red ferralitic soil; 5) 75 % organic matter
(filter cake) + 25 % Eutric compacted red ferralitic
soil; and 6) 25 % charged zeolite (Litonite) + 50 %
organic matter (Filter cake) + 25 % Eutric compacted
red ferralitic soil.
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Table 2. Treatments used for in vitro induction of mul-
tiple shoots of garlic (Allium sativum L.)

Growth requlators (mg/L)

Treatment

NAA BAP KIN 2-iP

T1* - - - -
T2 0.10 1 - -
T3 0.10 2 - -
T4 0.10 4 - -
T5 0.10 8 - -
T6 0.10 - 1 -
17 0.10 - 2 -
T8 0.10 - 4

T9 0.10 - 8 -
T10 0.10 - - 1
T11 0.10 - - 2
T12 0.10 - - 4
T13 0.10 - - 8

* Treatment 1 was considered the absolute control of the
experiment. NAA: Naphthaleneacetic acid; BAP: 6-benzylami-
nopurine; KIN: Kinetin; 2-iP: 2-lsopentenyladenine.

The variables analyzed were: survival (%) and
rooting (%), which were assessed by the following
equations:

Number of plantlets

Survival (%) = obtained x 100
Number of planted
microbulbils
Number of rooted
Rooting (%) = plants x 100

Number of plants sown

Assessment by AFLP of the genetic stability of
plantlets obtained in vitro

Garlic plantlets of the best treatments were planted
at the end of each of the three subcultures that were
performed and from plants from the field. In all cases,
the plants had the same physiological age.

The young leaves of each treatment were lyophi-
lized and 100 mg of DNA extracted from the sample
by the CTAB method, as modified by Fiitterer ez al.
[17], and stored in 1.5 mL microcentrifuge tubes and
at -20 °C until use. The DNA concentration of each
sample was adjusted to 30 ng/uL and subjected to
PCR analysis by using a TKO 100 Mini-Fluorometer
(Hoefer, San Francisco, CA, USA).

The AFLP procedure was carried out according to
the methods previously described by Ipek et al. [12].
The following combinations of primers were used
to generate the AFLP markers: EAAGG/MCGA,
EACGG/MCAT, EACGG/MCTC, EAAGG/MCTC,
EAGA/MAGC, ECAC/MAGC and ECAG/MAGC.

For PCR, the following reaction conditions and
thermal cycles were used: each 25-ul. PCR reaction
contained 1.25 U of Taq DNA polymerase (Promega,
Madison, WI, USA), with 1% reaction buffer, 0.8 uM
of each primer, 200 uM of each ANTP and 60 ng of
template DNA. Reactions were incubated at 95 °C for
2 min and subjected to 40 cycles at 94 °C for 30 sec,
58 °C for 1 min and 72 °C for 2 min, with a final 5 min
extension step at 72 °C. After 40 cycles, the reactions
were carried out at 4 °C. A Perkin Elmer model 9600
thermocycler was used for amplification. Subsequent-
ly, the amplification products were denatured at 90 °C
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for 4 min in an equal volume of formamide buffer and
they were immediately placed on ice. Then, the dena-
tured PCR products were separated on 6 % polyacryl-
amide gels containing 7.5 M urea in 1x Tris-borate
(TBE)in320 pL, 10 % ammonium persulfate and 30 pL
of TEMED, and runs were made by applying 3-4 pL
of each reaction at 60 W for 2-3 h. In order to visualize
the separated fragments, the gels were stained using
the Sequence ™ DNA reagent silver staining kit and
following the manufacturer’s protocol (Promega). All
polymorphic DNA fragments were manually identi-
fied on each AFLP autoradiogram and on each of the
gels stained for gene-specific markers. The bands were
identified as present (1) or absent (0).

Morphoagronomic assessment

Acclimatized plants were taken to the environmental
conditions of 35 days (from the best treatment of the
acclimatization phase) and were transplanted to the
field. After a complete cycle in the field, minibulbils
obtained without any agronomic evaluations being
made, and they were preserved. All these procedures
were carried out following cultural attention and evalu-
ations as recommended by the FAO [6].

In the following campaign, the minibulbils were
planted in eutric compacted red ferralitic soil [18], at
a distance of 90 + 35 + 35 x 7 cm. Cultural attention
was provided according to the Technical Guide for
garlic crop production [5]. The size of the plot to be
assessed was 1.23 m%

The variables assessed were: vegetative cycle (days),
yield (t/ha), mean bulb mass (g), bulb height (cm), bulb
diameter (cm), number of cloves per bulb, mean clove
mass (g), clove length (cm) and clove width (cm).

Yield and mean bulb mass were calculated by
weight of the total bulbs per plot and for the rest of the
variables 10 plants per plot.

Results and discussion

Influence of growth regulators on explants
establishment in vitro

When evaluating the behavior of the cauline apices
in the different culture media, there were significant
differences in the percentage of establishment and es-
tablishment time thereof (Figure 1). The highest per-
centage of in vitro establishment was achieved in the
culture medium supplemented with NAA (0.1 mg/L)
and Kin (0.1 mg/L; 90 %) and the lowest response was
for absolute control apices (60.5 %). Similar results
were obtained regarding the establishment time of the
explants with 18 and 30 days, respectively.

The results obtained with the use of 0.1 mg/L of
NAA or IAA and 0.1 mg/L of Kin are similar to those
reported in garlic, as for the in vitro response of IAA
[19]. On the other hand, Mehta et al. [20] observed
that explants inoculated in MS medium containing
6-BAP and Kinetin in the 1-5 mg/L range showed a
better establishment and the best response was ob-
tained when those garlic explants were grown with
Kinetin (1 mg/L).

Pardo et al. [21] established a protocol for the
regeneration of plants from leaf and root segments,
in which they determined the effect of auxins and
cytokinins combinations, as well as the influence of
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Figure 1. In vitro establishment rate (%) and time (days) of cauline apices of ‘Criollo-9’
garlic clone (Allium sativum L.), in Musashige-Skoog (MS) basal culture medium supple-
mented with different concentrations of growth regulators. The first barr corresponds to
absolute control. Means with different letters differ statistically according to the Tukey’s
test (p < 0.05). Standard errors of the mean (SEM) were very highly significant (0.73, p <
0.001) and very significant (0.16, p < 0.01) for percentage and days, respectively with
coefficients of variantion of 3.75 and 0.90, respectively. Means with different letters were
statistically different according to the Tukey's test (p < 0.05). IAA: Indolacetic acid; IBA:
Indolebutyric acid; NAA: Naphthaleneacetic acid; KIN: Kinetin.

the explant type and its position in the vitroplant on
the induction of calli and their subsequent regenera-
tion to shoots. Explants that were extracted from the
apical section of the roots favored callus regeneration,
as compared to basal segments of the leaves.
Furthermore, it should be added that the estab-
lishment of the explants depends on their origin, the
physiological characteristics of the donor plant, the
genotype and, to a lesser extent, on the type of biotech-
nological technique to be used. In this sense, Metwally
et al. [22] reported similar results on the isolation, den-
sity and viability of protoplasts in two garlic cultivars.
In this phase of in vitro establishment, in different
clones or cultivars, it is important to keep the concentra-
tions of auxins and cytokinins very close or similar, so
that their response is more effective. In some cases, for
this phase it is also recommended NAA, which is a pow-
erful and very stable auxin and provides good results.
Finally, it should be pointed out that for the phase
of in vitro establishment, cauline apices (5-10 mm)
should be used and transferred to a basal MS medium
supplemented with NAA (0.1 mg/L) + Kin (0.1 mg/L).

Assessment of different growth regulators
and combinations in the in vitro induction of
multiple shoots

The induction of multiple shoots varied according
to the type and concentration of the cytokinins with
which the culture medium was supplemented, and in
all treatments the plantlets rooted, ranging between
40-65 % (Table 3).

In the three subcultures made, the explants emit-
ted a larger number of shoots with the combination
NAA (0.1 mg/L) + 2-iP (4 mg/L), which were sta-
tistically different from the shoots that were obtained
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with the rest of the treatments. In the third subculture a
decreased number of shoots per explant was observed
in all culture media that were used.

Mehta et al. [20] reported that induction of multiple
shoots from nodal segments was high when they were
obtained in a Kinetin-enriched MS medium (1 mg/L;
3.43 shoots/explant). plantlets were best rooted in this
very basal medium, but it was supplemented with JAA
(2 mg/L; 3.65 roots/explant). But the results of this
work were superior to the previous ones, since a higher
multiplication coefficient was obtained and the plant-
lets rooted in the culture medium itself without the
need for transferring them to an additional medium.

In general, the best response was achieved when
the culture medium was supplemented with 2-iP
(4 mg/L). Furthermore, these shoots grew faster and
were more vigorous, which can be considered desir-
able characteristics for their subsequent use in new in
vitro multiplications. The proliferation of explants is
lower at low concentrations (1 mg/L).

El-Nasr et al. [11] reported that the Egyptian gar-
lic cultivar ‘Egaseedl’ formed 3 plantlets/explants
regardless of the origin of the culture medium, but
rooted better in a 50 % MS medium without growth
regulators (6 roots/plantlets or 50 % MS with [AA
(0.1 mg/L) + Kinetin (1 mg/L; 5.6 roots/plantlet).

As the number of subcultures increases, the mul-
tiplication coefficient usually decreases, and in the
case of garlic, this may be due to early senescence or
dormancy that shoots show from the third subculture
on. According to the FAO [6], more than three subcul-
tures are not recommended, since genetic variations
can originate in the new regenerants, and it adds that
the formation of roots in this crop not only depends on
the concentration of growth regulators in the medium
but also the in vitro maturity of the cultivars.

In other respects, it is necessary to emphasize that
rooting will also depend on the synergic relationship
that is established between the growth regulators that
are added to the culture medium and the hormones
of the plantlets. Izquierdo [23] reported that the MS
medium contains relatively high concentrations of ni-
trogen and potassium compared to other culture media
and, therefore, it met the nutritional requirements of
different plant species. Additionally, the differences
obtained in the in vitro response in this phase were due
to the influence exerted by the genotype, since each
responds differently [23].

With none of the combinations of growth regula-
tors studied, callus formation occurred, which is con-
sidered a desired characteristic, since it may induce
genetic or cytogenetic changes that undermine the
stability of the material to be propagated. This could
also be due to the fact that the content of endogenous
auxins was adequate.

For all of the above, it is proposed to inoculate the
explants in an MS medium supplemented with NAA
(0.1 mg/L) + 2-iP (4 mg/L), where vitroplants also
form roots without having to be transferred to an ad-
ditional culture medium.

Role of growth regulators in the induction of
microbulbils in vitro

In table 4, the results that relate to the influence of
growth regulators regarding in vitro bulbification can
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Table 3. In vitro induction of multiple shoots and
rooting percentage of plantlets of ‘Criollo-9’ garlic
clone (Allium sativum L.) in MS basal culture medium
supplemented with different concentrations of growth
regulators*

Subcultures (shoots per explant) Rootin

Treatment Sepoultures 0% per.exo anl )
T1* 2.12 ¢ 1.93i 1.16| 40.00e
T2 5.23d 491g 4.06 f 60.00bc
T3 5.61c 541f 4.75 de 60.00 be
T4 5.66 c 6.01d 4.90cd 56.66cd
T5 4.80 ef 3.95] 3.00i 56.66cd
T6 4.69 f 4.27 i 3.41h 63.33ab
T7 491 e 480g 3.90g 60.00bc
T8 5.39d 578e 4.90cd 56.66 cd
T9 6.04b 697b 557b 55.00d
TI0O 4.86 ef 460h 3.76g 65.00a
T11 577 c 6.67c 497c 61.66ab
T12 7.01 a 7.34a 5.79a 60.00bc
T13 5.23d 537f 4.64e 56.66cd
SEM 0.06*** 0.06*** 0.05*** 1.05%**

CV (%) 0.40 0.16  0.30 4.2

*Treatment 1 was considered the absolute control of the exper-
iment, with unsupplemented Murashige-Skoog basal medium.
Treatments 2 to 13 comprised medium were supplemented
with a fixed concentration of Naphthaleneacetic acid (NAA,
0.1 mg/L) and 1, 2, 4 or 8 mg/L of another growth regulator
specific for each treatment: T2-T5, 6-benzylaminopurine (BAP);
T6-T9, Kinetin (KIN); T6-T9, 2-Isopentenyladenine (2-iP). Means
with different letters differ statistically according to the Tukey's
test (p < 0.05). *** highly significant differences (p < 0.001).
SEM: standard error of the mean. CV: coefficient of variation.

Table 4. Influence of growth regulators regarding the percentage of in vitro bulbification,
time of induction (days), sectional diameter (mm) and mean mass (mg) of the ‘Criollo-9’

garlic clone microbulbils (Allium sativum L.)*

Growth regulators e Time of Sectional

Treatment (mg/L) ,'EUI,'E;EC(%ZO:) induction diameter Mec(m
NAA  2.P Yo VST (days) (mm)  mess (mg)
T1* - - 99.58 a 40d 5.35a 1455.20 a
T2 0.1 - 90.00 b 45 ¢ 4.49b 999.00 b
T3 - 4 86.10 ¢ 51b 410 ¢ 960.23 ¢
T4 0.1 4 75.00 d 55 a 3.85d 842.65 d
SEM 2.45*** 1.70%**  0.28*** 5.43***

CV (%) 3.25 2.50 2.15 7.50

* In vitro induction was carried out in MS basal medium supplemented with 75 g/L sucrose. Treatment 1
was considered the absolute control of the experiment, with unsupplemented Murashige-Skoog basal
medium. NAA: Naphthaleneacetic acid; 2-iP: 2-Isopentenyladenine. Means with different letters differ
statistically according to the Tukey’s test (p < 0.05). *** statistically significant differences (p < 0.001).

be seen. As observed, there are significant differences
between treatments. The best results were obtained
when microbulbils were induced in vitro in an MS
medium without growth regulators (Treatment 1,
99.58 %). Their time of induction behaved inversely
to the bulbification percentage, ranged between 40-
55 days; the best results were obtained by micro-
bulbils that were induced in vitro with treatment 1
(40 days).

In vitro microbulbification occurs due to the high
concentration of sucrose in the culture medium, which
causes an increase in water stress in the plantlets by an
increase in the osmotic potential. Thus, the in vitro in-
duction of microbulbils varies for each genotype and it
is generally induced from six weeks on (45 days). This
phenomenon depends on the culture medium and the
physiological characteristics of the plant from which
the explant and the cultivar were extracted [24].
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Sucrose is used as energy source during the formation
of in vitro garlic microbulbils, and high concentrations
induce the synthesis of some storage- and osmotic
stress-related proteins, as well as reserve amino acids,
which influence the formation of these bulbils [25-28].
Besides, Pardo et al. [13] stated that the reduction of
the MS medium at 75 and 50 %, both supplemented
with sucrose, allowed the conservation of microbulbils
stable or retaining their type for a period of 210 days;
while irradiation with 8 or 10 krad, led to the induction
of genetic changes or variations in garlic microbulbils.

There were also significant differences between
treatments attending to sectional diameter and the
mean mass of microbulbils (Table 4). The sectional
diameter ranged between 3.85-5.35 mm and the mean
mass of microbulbils ranged 842.65-1455.20 mg. The
best results were reached by the microbulbils gener-
ated with Treatment 1. There is a close relationship
between the sectional diameter and the mean mass of
the bulbils obtained in vitro; microbulbils larger than
3 mm in diameter can reach the following year an
85 % field establishment. According to FAO [6], among
these parameters there is a very high exponential cor-
relation which makes its use indistinct for classifying
them. It adds that microbulbils with diameter equal to
or greater than 4 mm, when taken to field can form bul-
bils between 15-25 Mm and that from the microbulbil
to the bulbil for consumption, an increase in size oc-
curs, due to the physiological maturation of the clones.

We consider that it is not necessary for the micro-
bulbification phase to supplement culture media with
growth regulators (auxins and/or cytokinins) or other
substances that act in a similar way to these regula-
tors, since in vitro bulbification appears to be related
with the concentration of sucrose added to the culture
medium, as well as the reserves and endogenous mo-
bilization of hormones that are added to the culture
medium in the establishment and in vitro multiplica-
tion stages, which influence the induction of this in
vitro bulbification process.

Acclimatization of in vitro microbulbils

Microbulbils showed a good behavior under the en-
vironmental conditions. As shown in Table 5, there
were significant differences between the treatments
attending to survival, height and number of leaves per
plant in the different substrates that were used. Sur-
vival of microbulbils that were induced in vitro was
high, ranging between 92.97-99.40 % and the number
of leaves per plant between 15.08-16.03. The best re-
sults for both, survival and height were for plants that
were obtained with substrate variant 2 (0.25 % Zeolite
+ 75 % organic matter). Izquierdo et al. [16] reported
results similar to those of this work in different garlic
clones (four ‘Criollo’ and two ‘Vietnamese’ clones).
In correspondence with the above considerations,
the results showed that the use of zeolite mixed with
organic matter favored the survival of microbulbils ob-
tained in vitro, what seems to be very closely related to
the chemical and physical properties of this mineral.
The improvement generally obtained in the devel-
opment of plants by the use of the Zeolite + organic
matter mixture could be associated with the reten-
tion by the zeolite of the nutrients that are released in
the filter cake mineralization process, so their loss is
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Table 5. Influence of growth regulators regarding the percentage of survival, height and
number of leaves per plant of the ‘Criollo-9' garlic clone microbulbils (Allium sativum L.)*

Substrate (%)

Treatment : Survival Plant height Leaves
eatme Czhe%rligieed Omrgﬁz:'c Soil (%) (em) per plant
T1* 100 - - 96.42 b 15.11d 2.50
T2 25 75 - 99.40 a 16.64 a 3.41
13 50 50 - 95.23 b 16.03 b 3.38
T4 - 50 50 93.20 ¢ 15.08d 2.87
15 - 75 25 9297 ¢ 15.50 ¢ 3.39
T6 25 50 25 93.08 ¢ 15.24d 3.21
SEM 0.55%** 0.03*** 0.30
CV (%) 1.50 0.50 0.90

* In vitro induction was carried out in Murashige-Skoog (MS) basal medium supplemented with
75 g/L sucrose. Organic matter: filter cake. Soil: eutric compacted red ferralitic soil. SEM: standard
error of the mean. CV: coefficient of variation. Means with different letters differ statistically according
to the Tukey's test (p < 0.05). Treatment 1 was considered the absolute control of the experiment,
with unsupplemented MS basal medium. NAA: Naphthaleneacetic acid; 2-iP: 2-Isopentenyladenine.
Means with different letters differ statistically according to the Tukey’s test (p < 0.05). *** statistically

significant differences (p < 0.001.

avoided and, consequently, increases their availability
for plants. According to Metwally et al. [29] when
the bulbs obtained in vitro are transferred to soil, they
reach a 60 % survival in the first three months of cul-
tivation. They add that their size determines the qual-
ity of the plants to be grown in the field and the time
period they require to obtain commercial size.

From the results, we can state that the acclimatiza-
tion of the microbulbils should be done in polypro-
pylene trays containing a substrate made up of 25 %
Zeolite + 75 % organic matter. The plants are consid-
ered to be suitable for final field transplantation at 35
days, having more than three leaves, 15 cm or more in
height and more than 98 % of rooting.

Assessment of the genetic stability of plantlets
obtained in vitro by AFLP

Results of the AFLP technique showed a total of 130
clearly separated bands, with an average of 175.71
bands per each combination of primers being ana-
lyzed. All the bands quantified were monomorphic
(100 %), so the phylogenetic distance was 0. The
same number of bands were detected with each prim-
er set on a parental plant collected from the field and
in those subjected to three different culture treatments
(unsupplemented MS medium, absolute control; MS
medium plus NAA (0.1 mg/L) plus Kin (8 mg/L);
MS medium supplemented with NAA (0.1 mg/L)
plus 2-iP (4 mg/L)) in three subcultures, respectively.
Bands corresponding to each primer sets were distrib-
uted as follows: primers EAAGG/MCGA (18 bands)
EACGG/MCAT (21), EACGG/MCTC (19), EAAGG/
MCTC (14), EAGA/MAGC (10), ECAC/MAGC (15)
and ECAG/MAGC (26). This analysis indicates that
there were no differences at molecular level between
vitroplants regenerated in the different culture media,
in the three subcultures that were grown and the stock
from the field, for the combinations of primers that
were analyzed. Otherwise, this molecular evidence is
not conclusive because AFLP markers amplify certain
sites in the genome, in spite of these molecular stud-
ies were corroborated with the morphological results
under field conditions.

Ipek et al. [30], reported that the AFLP assay with
three combinations of primers: EACGG/MCAT,
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EACGG/MCTC and EAAGG/MCGA obtained a high
polymorphism in the 22 garlic clones they studied.
However, they did not report the total of monomor-
phic or specific bands of cultivars. Other less poly-
morphic primers were also used [31], but the authors
reported that these primers had between 4 and 30
common bands, between 8 and 17 specific bands,
between 10 and 17 polymorphic bands, for a total of
bands ranging from 25 to 50. Our results are similar to
those obtained by the previous authors, but different
from those of Ipek et al. [30]. They used these primers
for the characterization of cultivars, and we used them
instead to determine the genetic stability of a clone of
Cuban garlic obtained by selection, virus-cleaned and
micropropagated, in which this molecular technique
was used for the first time.

Taking into account that garlic has an asexual re-
production system and, therefore, does not perform
the genetic recombination process; a 43% polymor-
phism is considered high [30]. Nevertheless, it is
lower than for other species such as common bean
(Phaseolus vulgaris L.), which has 53.4 % diver-
gence [32]. A higher percentage of polymorphism is
understandable in species with sexual reproduction
systems, as it allows a higher recombination level in
these plants [33].

It was also reported that 16 primers of SSR mark-
ers were used to determine genetic variability within
germplasm collections of the Allium genus, for use in
genetic breeding programs and obtaining new culti-
vars of high nutritional value [1].

According to Cheng et al. [34], the number of
chromosomes from in vitro root apices originating
from calli, previously treated with trifluralin produced
plants with different ploidies: mixoploids, chimeras,
diploids and tretaploids, which depended on the con-
centration of the product and the treatment used. On
the other hand, Scotton et al. [35] obtained 2.45 shoots
from calli per explant with the culture medium: MS +
8.8 mM BAP + 0.1 mM NAA. However, when it is
desired to obtain a micropropagation protocol, 2,4-D
should not be used to induce calli or indirect organo-
genesis under in vitro conditions since it generally in-
duces genetic variability in the regenerants obtained.

In a comparative analysis of the genetic diversity
of olive genotypes with AFLP, RAPD and SSR mark-
ers, it was found that AFLPs were the most effective
marker system, although the expected heterozygosity
was the lowest [36].

Ipek et al. [37] reported 130 polymorphic DNA
fragments amplified from 26 EST-SSR markers, the
number of polymorphic alleles per SSR marker rang-
ing 2-13 with an average of 5 alleles. They added
that the heterozygosity observed and the information
content of the polymorphism (PIC) of SSR markers
ranged from 0.23 to 0.88, and from 0.20 to 0.87, re-
spectively. So, they concluded that EST-SSR markers
can be used in genetic studies, such as genetic map-
ping, map clustering, genetic diversity and in genome
comparison studies of Allium species.

It should be added that in previous researches con-
ducted in Cuba with different garlic clones (four ‘Cri-
ollo’ and two ‘Vietnamese’ clones), it was verified by
karyotype studies on vitroplants from different subcul-
tures and field plants that the number of chromosomes
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remained constant (2n = 2x = 16). Likewise, eight
RAPD primers (OPA-01, OPAB-04, OPAB-I18,
OPC-09, OPC-12, OPD-01, OPD-07 and OPO-01)
were assessed, generating between 2-10 bands, all
of them monomorphic. Different isoenzyme systems
(carbonic anhydrase, esterases, peroxidases, polyphe-
noloxidase, malate dehydrogenase and isocitrate de-
hydrogenase) were also studied and there was 100 %
monomorphism. Nevertheless, the joint study of these
techniques and the morphoagronomic assessments
made it possible to differentiate the ‘Criollo’ and
‘Vietnamese’ groups, and also the different ‘Criollo’
clones, ‘Criollo-9’ among them.

Izquierdo et al. [38] reported that there was no
genetic variability in the ‘FHIA-18" (AAAB) banana
clone that had been propagated in vitro and accli-
matized using different concentrations of traditional
growth regulators (auxins and/or cytokinins) and non-
traditional (Pectimorf® and Biobras-6®). They used
different techniques, such as cytogenetics, isoenzymes
(four systems) and RAPD (four primers), in the last
two cases the most polymorphic reported so far for the
Musa spp. genus or specifically for that banana clone.

Taking into consideration the results presented so
far, the novelty of this work is related to the establish-
ment of a methodology for the micropropagation of
the ‘Criollo-9’ garlic clone, and the use of different
combinations of AFLP primers, which did not gener-
ate genetic variability. Therefore, the genetic stability
of the regenerants obtained, at least with the primers
used in this study, was confirmed.

Morphoagronomic assessment of plants
propagated in vitro

All the plants survived under field conditions; the
vegetative cycle was 135 days, without significant
differences between the treatments. Nevertheless,
there were significant differences regarding the yield
of the plants (Figure 2).
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Figure 2. Influence of substrate on the productive variables of the ‘Criollo-9’ garlic clone (Allium
sativum L.), induced in vitro in MS basal medium supplemented with 75 g/L of sucrose. Substrate
trestments were: T1, charged zeolite (100 %); T2, charged zeolite (25 %) + organic matter (filter cake;
75 %); T3, charged zeolite (50 %) + organic matter (filter cake; 50 %); T4, organic matter (filter cake;
50 %) + Eutric compacted red ferralitic soil (50 %); T5, organic matter (filter cake; 50 %) + Eutric
compacted red ferralitic soil (50 %); T6, charged zeolite (25 %) + organic matter (filter cake; 50 %) +
Eutric compacted red ferralitic soil (25 %). SEM: standard error of the mean. CV: coefficient of varia-
tion. Means with different letters differ statistically according to the Tukey’s test (p < 0.05). *** very

highly significant differences (p < 0.001.
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Table 6. Influence of substrate composition on the productive variables of the ‘Criollo-9' garlic clone (Allium

sativum L.),
Substrate (%) Bulbs’ properties Bulbs’ properties
Treatment Charged Organic Soil Mass  Diameter Height Cloves Mass Length Width
zeolite ~ matter (9) (cm) (cm) perbulb  (g) (cm) (cm)
T1* 100 - - 33.12c 4.05b 3.60b 35¢ 1.30c 2.67b 0.86¢c
T2 25 75 - 39.16a 4.30a 3.95a 40 a 1.41a 2.73b 091a
T3 50 50 - 36.24b 4.15b 3.70 b 38b 1.35b 2.84a 0.88b
T4 - 50 50 29.50cd 3.75d 3.35¢ 29 e 1.15e 255c 0.75e
5 - 75 25 30.40d 3.90c¢ 3.40c 31d 1.24d 2.50c 0.81d
T6 25 50 25 29.00e 3.50e 3.00d 28 f 1.00f 2.30d 0.70f
SEM 0.309***  0.034** 0.037** 0.289*** 0.006*** 0.031** 0.005**
CV (%) 1.05 0.11 0.13 0.95 0.09 0.10 0.02

* In vitro induction was carried out in Murashige-Skoog (MS) basal medium supplemented with 75 g/L sucrose. Organic matter:
filter cake. Soil: eutric compacted red ferralitic soil. SEM: standard error of the mean. CV: coefficient of variation. Means with
different letters differ statistically according to the Tukey'’s test (p < 0.05). *** very highly significant differences (p < 0.001).

The yields obtained were higher than those reported
in the Technical Guide for garlic crop production [5].

It was shown that the highest yields were obtained
by the genotypes of microbulbils obtained with the
highest concentration of sucrose (75 g/L).

Concerning the number of leaves per plant and the
height of the foliage, they are in correspondence with
the yield obtained. These results coincide with those
of Izquierdo [23], who states that yield depends on
the leaf area the plant develops during the vegetative
stage and on the time it remains physiologically ac-
tive. Thus, there is a greater translocation of assimi-
lates from the leaves to the bulb, which is a storage
organ and, therefore, it provides a higher yield.

FAO [6] reported that the optimum yield in garlic
generated by in vitro cultivation occurs in the fourth
year and then begins to decline. Importantly, our re-
sults do not coincide with the previous ones, since at
the fourth year this genotype continued to increase its
yield (data not shown). FAOSTAT [4] reported yields
of 11.78 t/ha for this crop, yields lower than the ones
obtained in this work, since this clone is of high bio-
logical quality.

Both, the characteristics of the bulbs and the cloves
showed significant differences between treatments
(Table 6). In both cases, the best overall results were
for the bulbs and cloves obtained with Treatment 2
(25 % Zeolite + 75 % organic matter).

These results indicated that there is a close rela-
tionship between mass, height and diameter of the
bulb with yield, which agrees with Izquierdo [23].
There is also a relationship between yield and clove
length, so the results of this work are similar to those
of Gomez et al. [9].

Regarding foliage, it was green in all cases; the ex-
ternal and internal color of the bulbs and cloves was
white. These results coincide with those of Gémez et
al. [9] and Izquierdo [23]. Additionally, the plants did
not show symptoms of phytopathogenic diseases and
the bulbs showed a good behavior during the storage
phase before white rot (Sclerotium cepivorum Berk),
so post-harvest losses diminished in this phase due to
decreased physiological mass and seed emptying (25-
30 %), since they had a dry matter content of 38-40 %
at six months (data not shown).

The culinary and medicinal properties of this crop
are associated with its aromatic components and its
reserve carbohydrates (fructans), which generally
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constitute more than 70 % of the dry matter of the
clove. The commercial quality of the bulb is given
by its size, shape and absence of defects, the largest,
the most regular and those without visual defects be-
ing better accepted. These factors are determined by
the genotype, the environmental conditions of tem-
perature and photoperiod, as well as the sowing date,
fertilization rate and tillage. All of them interact and
generate physiological responses and a quality of the
finished product [39, 40].

Garlic requires low temperatures during its de-
velopment in order to generate good quality bulbs,
although it is not known exactly its requirements or
the physiological effects of this factor on the develop-
ment of the plant.

As previously stated, the results of the molecu-
lar studies were corroborated under field conditions,
since the crop yield increased by more than 12 t/ha,
being a material of high biological quality and basic
seed can be obtained by this micropropagation tech-
nique for the garlic ‘Criollo-9’ clone.

Conclusions

A methodology was obtained for the micropropaga-
tion of garlic (4/lium sativum L.) ‘Criollo-9’ clone,
which did not induce genetic variability in the re-
generants obtained. It was verified by using different
AFLP primers, showing the same number of bands
between the stock and the plantlets obtained in vi-
tro in the three subcultures grown. Furthermore, with
this methodology, efficient culture media and sub-
strates are proposed, which provided yields of more
than 12 t/ha under field conditions.

It is also recommended to assess new combina-
tions of AFLP markers and other molecular markers,
such as SSR, to corroborate the genetic stability of
the garlic (4/lium sativum L.) ‘Criollo-9” clone and
to demonstrate that applying this micropropagation
technique in this crop is feasible.
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