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ABSTRACT:

The wuse of biotechnology in the propagation of plantain and
banana (Musa sp.) of great importance to induce, tolerant to plant genotypes for
diseases and high yield potentials. However, auxins and cytokinins should be used,
which are expensive and can sometimes cause changes in the regenerants obtained.
Both traditional growth regulators (auxins and cytokinins) and non-traditional growth
regulators (brassinosteroid analogues and mixtures oligogalacturonide) are used in
the in vitro propagation of crops, but mush progress has been hindering due to the
sufficient knowledge and impact of different phases prevailing in the
micropropagation of banana hybrid 'FHIA-18' (AAAB) is present hitherto. This work
was performed in order to evaluate the biological activity of an analogue of
brassinosteroids (Biobras-6) [ABr] and a mixture of oligogalacturonide with the degree
of polymerization between 9 and 16 (Pectimorf) [mOLG]. The effect of ABr and mOLG
are determined as a substitute or complement of auxin (IBA or IAA) and cytokinin (6-
BAP) for the establishment of in vitro multiplication and rooting of plantlets and in the
acclimatization phase. Non-traditional regulators phenolization decrease the explant
growth in the establishment phase of in vitro propagation; but increased the number
of shoots per explants (above 3.5) and improved survival of vitro plant during the
acclimatization phase.
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INTRODUCTION

The growth and development is regulated by a
group of chemicals called plant hormones (auxins,
cytokinins, gibberellins, abscisic acid and ethylene) that
interact with each other to meet the physiological needs
of the plant. These hormones are synthesized in a given
location of the plant and translocated to another, where
they act at different concentrations (Gaspar et al., 1996).
The term growth regulator is more general and
encompasses chemicals both natural and synthetic, that
have similar biological effects to hormones, and
influence the growth of plants from seed germination to
senescence and are often used in the culture of in
vitro plants (Kakani et al, 2009; Amanullah et
al., 2010).

Traditional growth regulators (auxins, cytokinins
and gibberellins) are used in different culture media for
the mass propagation of plants, but other substances such
as brassinosteroids are considered as the sixth class of
plant hormones that are used at the concentrations up to
100 times lower in the culture media and exert a similar
effect (Seeta et al., 2002; Li et al., 2005).

The oligogalacturonide also promote different
morphogenetic, physiological and biochemical processes
in plants, and are used in the culture media at different
concentrations (I to 15 or 047 to 7.05 mglL’
w' mol.L ); similar range prescribed for traditional
regulators, when expressed in the units of molar
concentrations (10 7 -10 * M ) (Bellincampi et al., 1995;
Riou et al, 2002; Simpson et al, 2007). Both
brassinosteroids and oligogalacturonide regulate, among
other processes, the interaction between auxins,
cytokinins, gibberellins and ethylene (Creelman and
Mullet., 1997; Souter et al, 2004), so that its
introduction at a larger scale in a biotechnology process
could make them more efficient.

Micropropagation, a commercial scale through
the cultivation of meristematic apices (organogenesis) is

a routine methodology widely used internationally

(Kitto, 1997); It is a valuable technique in plants with
poor production of propagules. In Cuba it is also
frequently used in species that are spread over; such as
banana (Musa sp.), which are of great importance for
public consumption.

The cultivar

'FHIA-18', although mass

produced in vitro propagated routinely in the
Biofactories at Cuba; factors such as culture medium,
dividing of explants, low coefficient of multiplication
and the high percentage of phenolization, which could be
higher or lower depending on the type of explant used to
influence the decrease in the efficiency of productivity.
Additionally, a chromosomal changes that can occur
when subcultures are long and have low survival during
acclimatization of plants. Furthermore, growth regulators
could influence the phenotypic and genotypic changes,
such as the presence of variegated plants (Pérez et
al., 2000; FHIA, 2007; Azofeifa, 2009).

The need for high quality materials for planting,
has led to the search for new alternatives that ensure
increased  efficiency in the methods of in
vitro propagation and acclimatization of the plants.
Among these alternative cultivation, temporary
immersion has helped in the short term, propagation of in
vitro Bananas and plantains (Musa sp.) (Basail et
al., 2007). Also the long-term biological barriers that
allow the efficient production of plants by somatic
embryos in bioreactors expire (Escalona et al., 2003) as
the use of brassinosteroids and their analogs or
oligogalacturonide (Diosdado, 1997; Barranco, 2002;
Montes et al, 2000). The aim of this study was to
evaluate the biological activity of Biobras-6 and
Pectimorf in each of the phases of micropropagation of

banana (Musa sp.).

MATERIALS AND METHODS

The resistant black Sigatoka from Honduras,
(FHIA, 2007): the hybrid banana (Musa sp.) 'FHIA-
18' (AAAB group) was used for this study.
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Homogenous individuals from mother plants
having adequate performance, vigor, good physiological
ability and health were transferred to controlled
conditions in a grow house covered by a shade cloth
made up (30%) polypropylene were selected. This is not
a virgin that allows the passage of a density of
photosynthetic photon fluxes of density 600 pmol.m™ s
!, that were measured with Light Meter Extech 401025
(United States). Subsequently, corns extracted (asexual
seed) were removed until the outer parts of caulinar apex
sections with diameter of 3 cm and 6 cm, approximately.
The explants were washed with water and detergent and
brushed on the surface to remove dirt. They subsequently
underwent disinfection following the methodology
proposed by Orellana et al. was followed. (2002).

Murashige and Skoog (1962) (MS) was

supplemented with thiamine (0.30 mol.L'm), ascorbic

acid (56.78 umol.L'"), (15 pmol.L’
1),

myoinositol
sucrose (87.642 umol.L ™" and agar (6.5 gl as gelling
agent (multiplication establishment phase and in vitro in
the experiment) were used. The following growth
regulators were used: 3-indole acetic acid (IAA), indole
butyric acid, 3-(AIB), naphthalene acetic acid (NAA)
and 6-benzylaminopurine (6-BAP). Moreover, a
formulation of the brassinosteroid analogous spirits 25
(R) -2,3-dihydroxy-5-6-one- espirostan dihydroxy known
as biobras- 6 or BB-6 (ABR) whose average molar mass
is 446 g.mol” and a mixture of 1,4-oligogalacturonide
with a degree of polymerization between 9 and 16,
known by the name of Pectimorf (mOLG), was used
which has an average molar mass of 2042 g.mol
!(Cabrera et al., 2003). The pH was adjusted to 5.7
0.1, before sterilization and the mixture was autoclaved
at 121° C and 1.2 kg.cm™ pressure.

The explants were cultured in the glass test tubes
of size 2.5 x 9.0 cm (in vitro establishment phase) with a
capacity of 250 mL (phases in vitro multiplication and

rooting). In the in vitro establishment phase , 10 mL of

culture medium was used and each explant was

inoculated into the test tube; whereas in phases, in
vitro multiplication and rooting medium 25 ml were
added with 10 explants per culture. The containers with
the explants were placed in the chamber under natural
light at a temperature of 28 + 1°C, relative humidity of
71% and a photosynthetic photon flux density of 65
umol.m?S” and used plants were with more than 4 cm
and three developed leaves from the in vitro rooting
phase, the same was performed immersing the roots in
0.1% Ridomil (commercial product Ridomil MZ 72% of
systemic and contact) action except vitro plants that were
treated with the ABr or mOLG. Planting was done in
polystyrene trays containing 70 wells (125 cm’) a
substrate composed of a mixture of 75% by volume of
rum decomposed over 25% of ferralitic red compacted.
This phase was developed as reported by Pérez et
al. (1999) and Anon (2003). Influence of growth
regulators in the each phase of micropropagation of
banana (Musa sp.) was studied.
Establishment phase in vitro

As shoots of banana plant material, which were
inoculated in MS basal medium supplemented with IBA,
6-BAP, ABr or mOLG at different concentrations and
the growth was monitered. The combinations that were
used with ABr were: 1. MS alone (full control), 2. AIB
(0.015umol.L™" 3. 6-BAP (17.77 umol.L™" 4. ABr
(0.02 pmol. L™ 5. ABr (0.1 umol.L™” 6. ABr (0.2 w
'mol.L) 7. AIB (0.015 pmol.L™" + 6-BAP (17.77 pmol.L°
D - control 8. 6-BAP (17.77 p T'molL ) + ABr
(0.02 pmol.L™ 9. 6-BAP (17.77 pmol.L ™"+ ABr
(0.1 pmol.L™™ 10. 6 BAP (17.77 umol.L'" + ABr
(0.2 pmol.L'™" 11. AIB (0.015 pmolL ™" + ABr
(0.02 pmol.L™12. AIB (0.015 pmolL" + ABr
(0.1 pmol.L'™"> 13. AIB (0,015 umolL" + ABr
(0.2 mol.L m™" 14. AIB (0.015 pmol.L™" + 6-BAP
(17.77 pmol.L'™” + ABr (0.02 pmol.L'” 15. AIB
(0,015 pmol.L'V + 6-BAP (17.77 pmolL™" + ABr
(0.1 pmol.L"and 16. AIB (0.015 pmol .L'" + 6-BAP
(17.77 pmol.L ™V + ABr (0.2 umol.L™". The combinations

Journal of Research in Biology (2017) 7(3): 2231-2247
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that were used with the mixture of oligogalacturonide
(mOLG) were: 0.47; 2.35 p and 4.70 mol.L™" in the place
of 0.02; 0.1 and 0.2 pmol.L ABr ', respectively. 30
explants were used per treatment and the percent survival
and phenolization with the time it take to establish in
vitro (emitting the first leaf) was evaluated.
Phase multiplication in vitro

Explants from the establishing medium [MS +
IBA (0.015 pmol.L") + 6-BAP (17.77 pmol.L™") -
control], underwent a longitudinal cut and placed in the
MS basal culture medium with growth regulator of
combinations described below: 1. MS only (complete
control); 2. IAA (3.71 umolL'); 3. 6- BAP
(17.77 pmol.L"); 4. ABr (0.02 pmol.L''); 5. ABr
(0.1 umol.L"); 6. ABr ( molL 02 p'); 7. IAA
(3.71 pmol.L™") + 6-BAP (17.77 umol.L" )- control 8. 6-
BAP (17.77 pmol. L™ )+ ABr (0.02 umol.L™); 9. 6-BAP
(17.77 pmol.L'') + ABr (0.1 pmol.L™'); 10. 6-BAP

(17.77 pmol.L"') + ABr (0.2 pmolL'); 11. TIAA
(3.71 pmolL') + ABr (0.02 pmolL'); 12. TIAA
(3.71 pmol.L") + ABr (0.1 pmol.L™); 13. TAA
(3.71 pmol.L') + ABr (0.2 pmolL"); 14. IAA

(3.71 pmol.L'') + 6-BAP (17.77 pumol.L") + ABr
(0.02 pmol.L"); 15. IAA (3.71 pmol.L') + 6-BAP
(17.77 pmol. L") + ABr (0.1 umol.L™") and 16. IAA
(3.71 pmol.L'') + 6-BAP (17.77 pumol.L") + ABr
(0.2 umol.L™"). The combinations used were similar to
mOLG with the same concentrations and were used in
the in vitro 1 establishment phase. The explants were
cultured for four subcultures every 21 days and 50
explants were used per treatment. After each subculture
the percentage of survival, the number of shoots, the
height and the number of roots per explant were
evaluated.
In vitro rooting phase

Outbreaks of 1.5 cm from the treatment 7 [MS +
IAA (3.71 p mol.L") + 6-BAP (17.77 p mol.L") .-
control], were placed in the MS basal medium with

growth regulators combinations as follows: 1. MS alone

(full control), 2. TAA (7.42 umol.L™"(control), 3. ABr
(0.02 umol.L™" 4. ABr (0.1 pmol.L™" 5. ABr (0.2 umol.L
6. IAA (mol.L 7.42 " + ABr (0.02 umol.L™"7. IAA
(742 pmolL” + ABr (0.1 umolL " 8. IAA
(7.42 pmol. L™ + ABr (0.2 umol.L™"" For the experiment
with mOLG treatments, 1 and 2 were similar to the
experiment in ABR, other variants were: 3. mOLG (0.47
mol.L! m), 4. mOLG (235 umol.L™” 5. mOLG
(4.70 pmol.L'™” 6. IAA (7.42 umolL" + mOLG
(0.47 pmol.L'™Y 7. IAA (7.42 umolL" + mOLG
(2.35 umol.L™" and 8. TAA (7.42 m™ mol.L) + mOLG
(4.70 pmol.L™V. The explants were cultured for 15 days
in the liquid culture medium. 100 plantlets were used per
treatment with ABr and 50 plantlets per treatment for
mOLG. Percent survival and rooting, number of leaves,
height, number of roots and root length were evaluated.
Acclimatization phase

Plantlets were taken to the stage of in
vitro rooting grown on MS + IAA (7.42 pumol.L™") Avg.
First, dipping of roots were performed for 15 minutes in
ABr or mOLG (I), 15 days after planting the plant is
supplemented with ABr or mOLG (A) at 2 ml by in vitro
plant and combination of both treatments (I + A) using a
foliar spray. A control in which the immersion of the
roots was carried out in 0.1% Ridomil and one with
ANA; combinations with the same treatment described
above was used. Treatments are shown in Tables 1 and 2.
A total of 125 plantlets were used per treatment. After 60
days, when the end of acclimatization phase commensed
survival percentage, height, number of leaves,
pseudostem diameter, number and length of roots were
evaluated.

The experiments were repeated twice and all the
data for each of the indicators evaluated were collected
using a completely randomized design and the data were
processed by analysis of variance (ANOVA) for simple
classification and the means were compared using
test  (p<0.05). For data

Turkey processing

STATGRAPHICS  statistical package was used

2234
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Table 1. Treatments used for the acclimatization of
plantlets of banana Clone 'FHIA-18' (AAAB) with
ABr

Concentrations
(umol.L™"
ANA ABr

Treatments

| A

%
Z
S

3.55 -

0.02
0.1
0.2

+ o+ o+ 4o
1
1

- 0.02
- 0.1
- 0.2
3.55 -
- 0.02
- 0.1
- 0.2

el SIS =NEN-TE-CREN o U R S P I S
+ + 4+ +
+ + 4+ +++ 4+

Bonus version 5.0 for Windows. Principal component

analysis  (PCA)  (sections  establishment and
multiplication in vitro as well as in the acclimatization
phase) was also performed using SPSS version 11.5
for Windows. The formation of groups was performed
according to the spatial distribution of treatments in the
graph, according to the investigator's discretion. The
formed groups underwent a discriminant analysis to test
the effectiveness of the groups performed. In all the
cases, previously normal distribution (Kolmogorov-
Smirnov) and homogeneity of variance (Bartlett) were

checked.

RESULTS AND DISCUSSION
Influence of growth regulators in the each phase of
micropropagation of banana (Musa sp).
Establishment phase in vitro

From the biplot representation corresponding to
Principal Component Analysis (PCA) (Figure 1) a
differential behavior between treatments were evaluated
in vitro, in the establishment phase with the use of
brassinosteroid analogue (ABr) was observed. The first

two components (C; and Cy) accounted for 98.23% of

variability. Four groups were identified, which were
applied for discriminant analysis, which confirmed that
97.01% of the groups were classified legetimately. In
this sense, explants treatment 8 (6-BAP (17.77 pmol.L'™")
+ ABr (0.02 pmol.L")] formed the group I (subgroup
1), which had the lowest concentration of analog which
reached higher survival (93.30%), lower phenolization
(22.90%) and the same in 19 days. Also, the explants of
treatment 11 also formed (subgroup 2) group I since
survival was 84.80%, the phenolization of 31.45% and
explants were set at 20 days. The explants of both
treatments are in the same group, differed among
themselves and reached above explants that were
established in seven treatments (group II and 1 group
IV), under absolute control, for monitoring results
respectively.

To evaluate the effect of oligogalacturonide
(mOLG) mix in the in vitro establishment of the explants
as shown in Figure 2; corresponding to the ACP
treatments performed for BIPLOT that was represented
were evaluated. The C components C 1 and C 1I
accounted for 97.35% of variability. Six groups were

identified, which were applied for discriminant analysis,

Table 2. Treatments used for the acclimatization of
plantlets of banana Clone 'FHIA-18' (AAAB) with

Journal of Research in Biology (2017) 7(3): 2231-2247

mOLG
S.No Treatments C()(I:Lclflgff_tll)on
| A ANA mOLG
1 _ _ _ -
2 + - 3.55 -
3 + - - 0.47
4 + - - 2.35
5 + - - 4.70
6 - + 3.55 -
7 - + - 0.47
8 - + - 2.35
9 - + - 4.70
10 + + 3.55 -
11 + + - 0.47
12 + + - 2.35
13 + + - 4.70
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Figure 1. Biplot representation of the results of the different treatments that were evaluated in the phase of in vitro
establishment of banana (Musa sp.) Clone'FHIA-18' (AAAB) by principal component analysis (n = 60) (1.- Absolute
control , 2.- AIB (0.015 pmol.L-1), 3.- 6-BAP (17.77 pmol.L-1), 4.- ABr (0.02 pmol.L-1), 5.- ABr (0.1 pmol.L-1), 6.-
ABr (0.2 pmol.L-1), 7.- AIB (0.015 umol.L-1) + 6-BAP (17.77 pmol.L- 1) .- control, 8.- 6-BAP (17.77 pmol.L-1) +
ABr (0.02 pmol.L-1), 9.- 6-BAP (17.77 pmol.L-1) ) + ABr (0.1 pmol.L-1), 10.- 6-BAP (17.77 pumol.L-1) + ABr (0.2
pmol.L-1), 11.- AIB (0.015 pmol.L-1) + ABr (0.02 umol.L-1), 12.- AIB (0.015 pmol.L-1) + ABr (0.1 umol.L-1), 13.-
AIB (0.015 pmol.L-1) + ABr (0.2 pmol.L-1), 14.- AIB (0.015 pmol.L-1) + 6-BAP (17.77 umol.L-1) + ABr (0.02
pmol.L-1), 15.- AIB (0.015 pmol.L-1) + 6-BAP (17.77 umol.L-1) + ABr (0.1 umol.L-1), 16.- AIB (0.015 pumol.L-1)
+ 6-BAP (17.77 pmol.L-1) + ABr (0.2 pmol.L-1)

Axis 2 (5.53%)

Axis 1 (91.82%)

Figure 2. Biplot representation of the results of the different treatments that were evaluated in the phase of in vitro
establishment of banana (Musa sp.) Clone'FHIA-18' (AAAB) by principal component analysis (n = 60) (1.- Absolute
control , 2.- AIB (0.015 pmol.L-1), 3.- 6-BAAIB (0.015 pmol.L-1) + 6-BAP (17.77 pmol.L- 1) .- control, 8.- 6-BAP
(17.77 pmol.L-1) + mOLG (0.47 pmol.L-1), 9.- 6-BAP (17.77 pumol.L-1)) + mOLG (2.35 umol.L-1), 10.- 6-BAP
(17.77 pmol.L-1) + mOLG (4.70 pmol.L-1), 11.- AIB (0.015 pmol.L-1) + mOLG (0.47 pmol.L-1), 12.- AIB (0.015
pmol.L-1) + mOLG (2.35 pmol.L-1), 13.- AIB (0.015 pmol.L-1) + mOLG (4.70 pmol.L-1), 14.- AIB (0.015 pmol.L-
1) + 6-BAP (17.77 pmol.L-1) + mOLG (0.47 pmol.L-1), 15.- AIB (0.015 umol.L-1) + 6-BAP (17.77 umol.L-1) +
mOLG (2.35 pmol.L-1), 16.- AIB (0.015 pmol.L-1) + 6-BAP (17.77 pmol.L-1) + mOLG (4.70 umolP (17.77 pmol.L-
1), 4.- mOLG (0.47 pmol.L-1), 5.- mOLG (2.35 pmol.L-1), 6.- mOLG (4.70 umol.L-1), 7.- L")

which confirmed that 95.85% of the groups were 93.35% survival and 33 phenolization , 00%, better than
correctly classified. that of control [1 (group VI) and 7 (group III)] treatment,

The best results were obtained when integrally and settled in vifro meristematic apices for 20 days,
replaced in the culture medium 6-BAP by mOLG. before the corresponding treatments of 1 and 7 explants
Therefore, treatment explants 11 [AIB (0.015 pmol.L" starts, that is, the absolute control and control,
") + mOLG (0.47 umol.L") (subgroup 1), reached a respectively. Likewise, treatment 12 [AIB (0.015 p

2236 Journal of Research in Biology (2017) 7(3): 2231-2247
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mol.L") + mOLG (2.35 pmol.L™")], which also ranked
in group I (subgroup 2), obtained a phenolization
(37.70%) and days to settle delayed in explants in
vitro (21 days) similar to the treatment 11, but survival
was observed to be low (86.70%). Explants with seven
treatments (control) and 1 (full control) were located in
two separate groups, III and VI respectively, lower than
previous treatments of explants in all the variables that
were assessed for values.

From the above results it can be inferred, that it
is not sufficient to use the basal culture medium without
growth regulators for the establishment of the explants
banana clone FHIA-18 '(treatment 1) group 1V (Figure 1)
and group V (Figure 2), and that the factors relating to
the organogenic response is age, physiological
characteristics and the stage of development of the donor
plant or tissues used as a source of explants (Zhang and
Lemaux, 2004).

Although age in the same in all explants, there
are differences in the content of endogenous hormones,
amino and tissue absorption capacity thereof; aspects that
were not studied in this thesis but which could be
addressed in future research. The report was found only
at Saucedo et al (2008), malanga (Xanthosoma
sagittifolium (L.) Schott.), shows that they have achieved
a 68.75% survival in the explants in MS medium without
growth regulators.

The establishment of explants was found to be
81.50% with phenolization 53.33%: If a auxin alone
(treatment 2) Group III (Figure 1) and group IV (Figure
2), was used results were generally lower (survival is
employed 28 days) but when the MS basal medium is
supplemented with ABr (treatments 4, 5 and 6) (survival:
64.83 to 76.70%; phenolization: 55.45 to 66.65% and
establishment of explants: 20-21 days) (group II, Figure
1) or mOLG (treatments 4, 5 and 6), (survival: 46.63 to
66.68%; phenolization: 51.05 to 64.60% and
establishment explants: 24-26 days) (group 1V, Figure 2),

there may be an excess of auxin in the culture medium

which did not favor the survival of the explants and
slowed the time required for the same were established in
vitro. 64.98% Phenolization of 59.30% was established
with the cytokinin alone treatment (6-BAP) (treatment 3)
(Group III or Group IV Figure 1, Figure 2), was done the
results were higher (survival was used explants 26 days)
when the auxin alone (AIB) (treatment 2, Figures 1 and
2) was used as survival was highest and lowest
phenolization occurred, so a better relationship between
cytokinin and auxin could be established for the better
growth of explants.

Another group prefer the combination of an
auxin (IAA, IBA or NAA) and cytokinin (6-BAP) to
promote the establishment

et al., 2009). Such is the case of Zaffari et al (2000),

of explants (Ascough
who reported that the most suitable culture medium for
the establishment phase in the banana clone 'Grand
Nain' (AAA) was the MS supplemented with IAA (5.71
umol.L'") and 6-BAP (4.44 pmol.L'"), but the explants
were not ready to be sectioned and transferred to the
60 days

multiplication medium until

et al. (2010)

Uzcategui
reported that the best behavior in
vitro during this phase of establishment of the apexes of
plantain (Musa AAB) cv. 'Harton' and 'Harton Double
Stem' was the MS basal
supplemented with 5 mg.L " 6-BAP (22.21 pmol.L"
") and 1.30 mg.L " of AIB (0.065 umol.L™), that necrosis

when medium was

of the explants was 25% and 80% survival.

In this phase a substitute should be used for AIB
ABr and the substitute is mOLG for 6-BAP. There are
also different results regarding the use of ABr in the
culture media for the establishment of plantain and
banana (Musa sp.), as these analogs have the potential to
replace 6-BAP. Barranco reported similar results (2002),
as 0.01 mg.L" Biobras-6 (0.02 pmol.L") replaced 6-BAP
and achieved 81.9% germination of somatic embryos of
banana clone 'FHIA-18' and Diaz et al. (2004)
achieved the best results with plantain when the AIB was

replaced by 0.05 mg.L" Biobras-6 (0.1 pmol.") since
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improved survival of explants (90% ).

The oligogalacturonide is also used in the
different biotechnological processes (Diosdado, 1997;
Suarez and Hernandez, 2008). However, there are few
reports on the usage of establishment of the explants.
Diaz et al. (2004), argued that Pectimorf 5 mg.l
'(2.35 pmol.L") can be used as a substitute for 6-BAP
plantain. These results coincide with those of this work,
but the mOLG (Pectimorf) was used at a lower
concentration (0.47 pmol.L') equal to 1 mg.L"
Montes et al. (2000), also achieved very good survival of
explants in Anthurium cubense L., when they used a 10-
fold higher concentration of Pectimorf (4.70 mM).

Also, phenolic oxidation was not a direct
inhibitory factor of survival in the in vitro establishment
of explants that reared with ABr or mOLG. This aspect
was also observed by Villegas er al. (2008) where
oxidation did not affect the formation of somatic
embryos from the immature male flowers of cultivar
'Grand Nain' (AAA).

From the results of this first phase of in
vitro culture for propagation of hybrid 'FHIA-18', it is
suggested to use ABr (0.02 pmol.L') or mOLG
(0.47 [mol. L ') as substitutes of auxin (AIB) in the first
case and cytokinin (6-BAP), in the second, in a MS basal
medium.

Phase multiplication in vitro

The survival of explants that were obtained
during the multiplication in vitro with respect to ABr and
mOLG was high; regardless of the treatment used and
subculture, it ranged from 90.00 to 100%. When the
culture medium was supplemented with 6-BAP (17.77
pmol.L™") and ABR (0.1 umol.L™") (Treatment 9), the
greatest number of shoots per explant was reached and
outbreak of treatment of 3, 7, 8, 9, and 10 does not
showed rooting (Table 3). The mOLG 0.47 pumol.L”
") combined with 6-BAP (17.77 umol.L'™") (treatment 8)
produced 9.65 total (1
subculture is: 2.06, 2 do subculture: 2.26; is 3 subculture:

shoots per explant in

2.33; subculture to 4: 3.00) and outbreaks of such
treatment and 3 and 7 not rooted in any of the four
subculture treatments and rooted to 9 from the third
subculture (Table 3).

The phase of in vitro multiplication is very
important in any micropropagation protocol, as this is
where the number of shoots per explant increases.
However, it is a very complex phase where the results
vary among species and cultivars. Usually survival is
high, unless high concentrations of growth regulators are
prolonged resulting in death of subculture explants that
are used for phenolic oxidation (Poulose ef al., 2007).

The above results showed that phase without
regulators promotes growth and rooting of explants, but
the number of outbreaks, which is the fundamental
objective of this phase, since they apparently did not
have enough endogenous hormones that would allow cell
division; Similar results are presented only with IAA,
which also favored the desired process.

Currently, some commercial micropropagation
laboratories grow plantain and banana (Musa sp.) Using
only 6-BAP; However, this may vary depending on the
cultivar, the explant source, and the type and
concentration of growth regulator that is used. In this
regard, Shirani et al. (2009) reported that banana
genotypes of Berangan Intan 'Berangan,’ Rastali ')
Nangka 'and' Baka Baling of the MS basal medium,
supplemented with 6-BAP (22.2 to 44.4 mM) increased
the number of shoots per explant, but higher than the
33.3 uM concentrations caused abnormalities.

The ABr only behaved similarly to the IAA, and
the need for the use of IAA and 6-BAP is evident for the
existence of a higher shoot formation. Similar results
were reported by Jiménez et al. (2004) for the clone
banana 'FHIA-21', which reached a multiplication rate of
3.8 and issued no roots when the explants were
inoculated into semisolid MS medium supplemented
with 4 mg. L "' 6-BAP (17.77 umol.L™") and 0.05 mg.L -

'Biobras-6 (0.1 umol.L™"). Generally, when an increase
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in height is limited the formation of new shoots occurs
and nutrients and reserves of the explants is used in the
elongation and no cell division.

The results presented here and others (Diosdado,
1997; Rodriguez, 1999;. Nunez et al., 2005) showed that
the analogue of brassinosteroids (ABR) have similar
biological activity in vitro natural brassinosteroids,
despite the structural changes that occur in the side
chain, which can be combined with traditional growth
regulators to promote cell division and differentiation.

When mOLG (0.47 pmol.L"') was used as a
substitute for IAA (3.71 pmol.L™") (treatment 8), the
number of outbreaks increased from first (2.06) to fourth
in the subculture ( 3.00). In the subcultures, the shooting
and height of the shoots were similar to the control
treatment sprouts. It seems that the brassinosteroid
analogue, mixed oligogalacturonide actively involved in
the cell division, by increasing the number of outbreaks
when used in conjunction with 6-BAP. One of the first
reports that the Pectimorf used in biotechnology, was in
the protoplast culture of sour orange (Citrus
aurantium L.) (Diosdado, 1997), achieving best results
with the concentration of 10 mgL™. Subsequently,
Montes et al. (2000) studied the response of leaf explants
in vitro plants of Anthurium cubense L. and found that
the best results were achieved with 4.7 uM Pectimorf.
They obtained a regeneration rate up to 17 buds from the
callus which had been cultured in vitro.

Apparently, interaction between the mOLG and 6
-BAP were added to the culture media and hormones
present in the explants were established, since, cell
differentiation was favored, compared to the medium
that is supplemented with IAA and 6-BAP. It should be
noted at this stage that both mOLG and ABr as in any
concentration were able to replace the I[AA at

concentrations of 0.1 and 4.70 ' pmol.L stand,
respectively, for values obtained with all indicators
statistically higher than the control treatment.

In vitro rooting phase

The plantlets were obtained with ABr ranged
from 91.00% to 100% and from 90.65% to 100% rooting
and those obtained with mOLG, these variables ranged
from 97.00 to 100% and 95, 45-100%, respectively.
100% survival and rooting was obtained when the ABr
(0.1pmol.L'™") or mOLG (4.70 pmol.L™") was used as
substitutes for IAA.

From the biplot representation for the ACP
(Figure 3) a differential behavior between treatments
were evaluated in the in vitro rooting phase with the use
of  brassinosteroid analogue (ABr). The C
components I and C II accounted for 83.34% of
variability. Five groups were identified, which were
applied for discriminant analysis, which confirmed that
95.50% of the groups were correctly classified. Vitro
plants of Treatment 4 [ABr (0.1 pmol.L™")] (Group I)
showed the best results regarding the number of shoots
(5,75), roots (4.05) and height (4.66 cm), while the root
length (4.71 cm) were higher than the treatment 7
[IAA (7.42 pmol.L'™")) + ABR (0.1 pmol.L™)] (5.02 cm)
(group II) and 6 [ IAA (742 pumolL"') + ABr
(0.02 pmol.L'™")] (4.88 cm) (Group IV). The group III
was integrated with the vitro plants of treatments 1 (MS
only) and 2 [IAA (7.42 pmol.L'")], control and absolute
control, respectively with the lower values for length of
roots ( 4.05 and 4.12 cm, respectively) and among the
of height (4.29 and 4.25 cm,

respectively) and number of shoots (4.70 and 4.45,

lowest in terms
respectively).
Vitro plants treatments 6 [TAA (7.42 pmol. L) +
ABr  (0.02  umolL"]  (group  IV)
8 [TAA (7.42 pmol.L *") ABr (0.2 pumol.L™)] (group V)

and

formed two separate groups, with lower values 2.70 for
height 4.14 and 4.13 cm, and number of roots 2.82,
respectively, and among the lowest in the number of
shoots with respective values of 4.55 and 4.20.

Results to evaluate the effect of mixing
oligogalacturonide (mOLG) in vitro rooting explants are

shown in Figure 4; and the same corresponding to the
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Length of the roots

Axis 2 (31.50%)

Axis 1 (51.84%)

Figure 3. Biplot representation of the results of the different treatments that were evaluated in the in vitro rooting
phase of the banana (Musa sp.) Clone 'FHIA-18' (AAAB) by principal component analysis (n =200) (1.- MS only .-
Absolute control, 2.- IAA (7.42 pmol.L™") .- control, 3.- ABr (0.02 pmol.L™"), 4.- ABr (0.1 pmol.L'"), 5.- ABr (0.2
pmol. L), 6.- IAA (7.42 pmol.L'") + ABr (0.02 pmol.L™"), 7.- IAA (7.42 umol.L™") + ABr (0.1 pmol.L") and 8.-

IAA (7.42pmol.L™).

ACP treatments was performed th results were calculated
with BIPLOT. The components C I and C II accounted
for 95.36% of variability. Five groups were identified,
which were applied for discriminant analysis, which
confirmed that the plantlets were obtained with mOLG
(4.70 pmol.L™") (treatment 5) and showed the best
results in terms of number of leaves (5.70), height (4.89
cm) and number of roots (4.60) and formed a separate
group (I); was placed below the treatment 4 [mOLG(2.35
pmol.L")] shoots with 4.5, 4.60 and 4 cm roots, with

intermediate values as to the length of the roots (4.38

cm) (group II). Group III showed intermediate values for

the number of shoots (4.50 to 4.70), root height (4.25 to
4.41 cm) and length (4.05 to 4.17 cm).

The group was made up of in vitro plants 1V
treatments 6 [IAA (7.42 pmolL') + mOLG
(0.47 umol.L™")] and 7 [IAA (7.42 pmol.L™") + mOLG
(2.35 pmol.L™")], which had one of the lowest values in
the number of leaves (4.10 and 4.05, respectively) and
height (4.22 and 4 , 10 cm, respectively), the number of
roots reached intermediate values (4.00 and 3.5,
respectively) and the best results in root length (5.27 and
5.02 cm, respectively form). The latter group, V, was

formed by vitro plants treatment 8 [IAA (7.42 pmol.L”

Axis 2 (30.71%)

Length of the roots

Axis 1 (64.65%)

Figure 4. Biplot representation of the results of the different treatments that were evaluated in the in vitro rooting
phase of the banana (Musa sp.) Clone 'FHIA-18' (AAAB) by principal component analysis (n = 100) (1.- MS only .
- Absolute control, 2.- TAA (7.42 pumol.L™") .- control, 3.- mOLG (0.47 umol.L'™"), 4.- mOLG (2.35 pmol.L"), 5.
mOLG (4.70 umol.L™), 6.- IAA (7.42 umol.L™") + mOLG (0.47 pmol.L'™"), 7.- IAA (7.42 pmol.L™") + mOLG (2.35
pumol.L™") and 8.- TAA (7.42 umol.L™") + mOLG (4.70 pmol.L™")
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")+ mOLG (4.70 umol.L™")] with the lowest values in the
number of shoots (4,00) and height (4.00 cm), between
the (3.30) and

intermediates in root length (4.52 c¢m). Five groups, to

lowest in the number of roots
which was applied a discriminant analysis and 98.55% of
them were well formed (Figure 4).

The root development in plants is determined by
the characteristic patterns for each species, which in turn
depends on the interaction with the other components of
the culture medium and the interactions between
hormones of vitro plant and growth regulators which are
added exogenously in the medium. The number of roots
that develop a plan is genetically determined, however,
their number varies depending on the culture medium
and environmental conditions. In this research, an
increasing trend was observed thereof when the plantlets
were exposed to different concentrations of ABr or
mOLG. Similar results were reported by Nieves et
al. (2006) and Hector et al. (2007).

Tsun-Thai et al. (2005) succeeded in rooting of
banana clones Berangan and 'Mas' in MS basal medium
supplemented with Sm M of IAA. Meanwhile, Rodriguez
(1999) reported that in vitro plants of banana clone
'Grand Nain' reached a greater number of roots when MS
medium was supplemented with 1.3 mgL™' IAA
(7.42 ymol.L") and 0.05 mg.L"' Biobras-6 (0.1 umol.L"
1. However, the root length was greater when IAA was
replaced by Biobras-6 at concentrations of 0.01 mgL
1(0.02 umol.L'™") and 0.05 mg. L ' (0.1 pmol.L'™).

According Bellincampi et al. (1993), a mixture
of oligogalacturonide with a degree of polymerization
between 8 and 16, inhibited the formation of roots in
snuff explants (Nicotiana  tabacum L.), and
the GUS gene was inhibited with auxin activity. The
results of this study shows, the observed increase in the
number of roots with mOLG in banana hybrid 'FHIA-18'.
Results that support this work are the Falcon and Cabrera
(2007) African Violet (Saintpaulia ionantha H. Wendl),

by which Pectimorf forwards the rooting process

compared to the [AA.

Moreover, Jimenez et al. (2004) when they
replaced the IAA by Biobras-6 in a hybrid 'FHIA-21',
also found that increased in the number of roots of
plantlets.

Contrary to what was reported by Bellincampi et
al. (1993, 1995 and 1996), the oligogalacturonide inhibit
root formation in snuff (Nicotiana tabacum L.) and
bean (Phaseolus vulgaris L1.). Other authors such
as Rodriguez (1999) achieved a greater number and root
length when they used Pectimorf 10 mg.L™ (4.70 umol.L
1).

The increase in this indicator in vitro conditions
with ABr (0.1 pmol.L"') and mOLG (4.70 pmol.L™)
could be due, among other reasons, to a response by
plantlets to maintain the absorption capacity of water and
mineral salts, which could affect the length reduction, as
evidenced by the inverse relationship, which typically is
established between the number of roots which emit
them and their growth in length. This is best seen in in
vitro conditions, because the roots at this stage are not
functional to 100% and moreover, a larger number of
roots in vitro plants assures their attachment to the
culture medium and are the two elements essential for
the good growth and development.

The comprehensive analysis of the results
achieved at this stage of in vitro rooting allows
recommend the use of ABr (0.1 pumol.L™") or mOLG
(4.70 umol.L'") as substitutes to AIA, although in the
latter case to stimulate this process was necessary to use
10 times more product than in the previous stages.
Acclimatization phase

The acclimatization phase is essential in any
micropropagation protocol, since the main purpose of it
is to achieve high survival of plantlets after hardening.
From the biplot representation for the ACP (Figure 5)
held for treatments and variables that were evaluated in
the acclimatization phase with the use of brassinosteroid
(ABr), behavior between

analogue a differential
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modalities were as well as concentrations of the analog.
The components C I and C II accounted for 92.81% of
variability. Three groups were identified, which were
applied discriminant analysis, which confirmed that
95.74% of the groups were correctly classified.

In group I the plants that underwent root
immersion for 15 minutes and the foliar spraying for 15
days after planting with different concentrations of the
ABR (I + A) [13 treatments (subgroup 1); 11 and 12
(subgroup 2) and which underwent foliar spraying 15
days after planting (A) (Treatment 9) and that was
performed immersing the roots 15 minutes before
planting (I) ( treatment 5. This is formed after the last
two treatments of subgroup 3.

The best results were obtained for plants with
treatment 13 [I + A (Apr.- mol.L 0.2 m™)], with survival
(96.65%), plant height (7.15 cm), number of leaves
(7.10), pseudostem diameter (8.73 mm), number of roots
(7.20) and root length (7.60 cm). The results of the
treatments 11 [I + A. ABr (0.02 pmol.L™)] and 12 [T+ A
(Apr.- 0.1 pmol.L'")] decreased than treatment 13
showing survival values of 90.40 %; the height of the
plant ranged from 6.98 to 7.16 cm; leaf number between
5.50 to 6.00; pseudostem diameter was greater than 8.40
mm and the number of roots ranged from 5.70 to 6.00;
plants treatments 5 [I. ABr (0.2 pmol.L™")] and 9 [A. ABr
(0.2 pmol.L")] also formed group I, but with lower
values in all the variables with respect to previous
treatments were evaluated.

The group II is with very heterogeneous
treatment of plants where 2 controls are present [I. ANA
(3.55 umol.L'")], 6 [A. ANA (3.55 pmol.L " )were ] and
10 [T+ A ANA (3.55 pmol.L™)], Other treatments of the
plant along with the immersion of the roots for 15
minutes (I) or foliar spray has made on the plants 15 days
after planting (A). The group III of formed plants were
obtained treatment 1 (absolute control) with the lowest
scores on all variables evaluated: survival (84.65%),

plant height (5.80 cm) number of shoots (4.60 cm),

pseudostem diameter (7.73 mm), number of roots (4.85)
and root length (4.91 cm).

From the biplot representation for the ACP
(Figure 6) held for treatments and variables that were
evaluated in the acclimatization phase with the use of
mixed oligogalacturonide (mOLG), a differential
behavior between modes was observed due to application
of  oligogalacturonide = concentrations. @~ The C
components I and C II accounted for 95.74% of
variability. Four groups were identified, which were
applied discriminant analysis, which confirmed that
96.38% of the groups were correctly classified.

Generally, the immersion treatment of the roots
and foliar spray of the plants 15 days after planting (I +
A) was greater than the roots dipping (I) or spraying the
plants (A). In Group I plants underwent dipping roots
and for 15 days were sprayed with mOLG, treatments
11 [+ A (mOLG.- mol.L 0.47 p™")] (subgroup 1) and
12 [I+ A (2.35 umOLG.- mol.L")], and also underwent
treatment, 3 [I (mOLG.- 0. 47 pmolL™")] and
7 [A (mOLG.- molL 047 p")], the latter three
treatments formed the subgroup 2. Plants of the best
treatment 11, reached the survival of (96.75%), a height
(7.08 cm), the number of shoots (7,00), pseudostem
diameter (8.63 mm), the number of roots (7.45) and
length of the roots (7.90 cm).

Group II was

treatments (2, 6 and 10) and treatment 8 [A. mOLG

composed of three control

(2.35 pmol.L™")]. The group III that was intermediate in
the same plants were grouped with treatments of 4, 5, 9
and 13. The fourth group formed plants of treatment 1
(absolute control), usually those with the lowest values in
the variables were evaluated: survival (84.65%), height
(5.80 cm), number of leaves (4, 60), pseudostem
diameter (7.73 mm), number of roots (4.85) and root
length (4.91 cm.)

Low photosynthetic activity of in vitro is one of

Journal of Research in Biology (2017) 7(3): 2231-2247

the major factors affecting the efficiency of
micropropagation and therefore influences its low
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survival in this

al., 2005). In Tuberaria major (Willk.), Goncalves et

phase (Teixeira et
al. (2010), achieved a 97% survival of six weeks after
transplantation and Jiménez et al. (2004), achieved
greater plant height in clone 'FHIA-21' by combining,
dipping the roots in a solution of ANA (10 mg.L™" and
Biobras-6 (0.05 mg.L"') during the acclimatization
phase.

In general, dipping roots combined with the
foliar spray of ABr or mOLG, apparently in vitro plant
as, improved processes of absorption, transport of water
and nutrients in the in vitro plants and increased the
photosynthetic activity, which favored its growth during
acclimatization. In addition, both brassinosteroids and
their analogs, such as oligogalacturonide increased the
plant height, number of leaves, pseudostem diameter,
number and length of roots and decreased stress induced
by the techniques of in vitro culture. These results were
similar to the previous results reported in different
cultures (Montes et al, 2000; Gonzalez-Olmedo et
al., 2005; Choe, 2006; Bajguz and Hayat, 2009), is
shown by the results obtained in this stage, both the ABR
(mol.L"0.2 p) as well as the mOLG (0.47 umol.L'") can
replace the auxin (NAA) and the combination was more
effective due to immersion of the roots and subsequent

plant foliar spray.

CONCLUSION

e Biobras-6 (ABR) in combination with 6-
benzylaminopurine (6-BAP) was superior to the
combination of auxin-cytokinin (6-BAP and AIB-
IAA-6-BAP) established in each of the phases. Mass
micropropagation of banana (Musa sp.) clone 'FHIA-
18' (AAAB) and the Pectimorf (mOLG) was seen,
except for in vitro establishment phase where it can
replace the cytokinin.

e The immersion of the roots for 15 minutes and foliar
spray or vitro plants banana (Musa sp.) 15 days after

planting with ABr or mOLG favored the survival and

growth of plants, modifying the leaf anatomy, which
decreased the stressful effects associated with the
conditions in vitro to ex

transfer of the

vitro (acclimatization).

REFERENCES

Amanullah MM, Sekar S and Vincent S. (2010). Plant
growth substances in crop production: A review. Asian

Journal of Plant Sciences, 9:215-222.

Anon J. (2003). Fase IV. Adaptacion o aclimatizacion a
condiciones ambientales. Pp. 18-20. En: Instructivo
técnico de la micropropagacion de platanos y bananos.
Capitulo 8. Empresa de Semillas. La Habana. Cuba (In
Spanish).

Ascough GD, Erwin JE and Van Staden J. (2009).
Micropropagation of iridaceae-a review. Plant Cell

Tissue and Organ Culture, 97: 1-19.

Azofeifa A. (2009). Problemas

oscurecimiento de

de oxidacion y

explantes cultivados in vitro.

Agronomia Mesoamericana, 20 (1): 153-175.

Bajguz A and Hayat S. (2009). Effects of
brassinosteroids on the plant responses to environmental

stresses. Plant Physiology and Biochemistry, 47(1): 1-8.

Barranco LA. (2002). Embriogénesis somatica en
banano (Musa AAAB), cv. 'FHIA-18' empleando medios
de cultivo liquidos. Tesis en opcion al grado Cientifico

de Doctor en Ciencias Agricolas. Santa Clara, 97 p.

Basail M, Kosky RG, Medero V, Otero E, Torres M,
Cabrera M, Lépez J, Garcia M, Santos A, Rayas A,
Ventura JC, Bauta M, Alvarez M, Paz E, Beovidez Y
Albert J, Ortega A, Espinosa A, and Garcia J. (2007).
Efecto de la densidad de explantes y el volumen de
medio de cultivo en la propagacién in vitro del cultivar
hibrido 'FHIA-21' (AAAB) en Sistemas de Inmersion
Temporal. Biotecnologia Vegetal, 7 (1): 53-56.

2244

Journal of Research in Biology (2017) 7(3): 2231-2247



Oviedo et al., 2017

Bellincampi D, Salvi G, De Lorenzo G, Cervone F,
Marfa V, Eberhard S, Darvill A and Albersheim P.
(1993). Oligogalacturonides inhibit the formation of
roots on tobacco explants. Plant Journal, 4(1): 207-213.

Bellincampi D, Brown TH, Shen OM and Parker A.
(1995). Extracellular accumulation of an auxin- regulated
protein in Phaseolus vulgaris L. cells is inhibited by
oligogalacturonides. Journal Plant Physiology, 147: 367-
370.

Bellincampi D, Cardarelli M, Zaghi D, Serino G,
Salvi G, Gatz C, Cervone F, Altamura MM,
and De (1996).
rolB-

Costantino P Lorenzoa G.

Oligogalacturonides prevent rhizogenesis in
transformed tobacco explants by inhibiting auxin-
induced expression of the rolB gene. The Plant Cell 8(3):

477-487.

Cabrera JC, Gomez R, Diosdado E, Hormaza JV,
Iglesias R, Gutiérrez A and Gonzalez S. (2003).
Procedimiento de obtencion de una mezcla de
oligosacaridos pécticos estimuladora del enraizamiento
vegetal. Patente Cuba certificado 22859, RES 155/2003.
Calificacion internacional de patentes AOIN9/12, CO

7H/033.

Choe S. (2006).

inactivation. Physiologia Plantarum, 126: 539-548.

Brassinosteroid biosynthesis and

Creelman RA and Mullet JE. (1997). Oligosaccharins,
brassinolides, and jasmonates: non traditional regulators
of plant growth, development, and gene expression. The

Plant Cell, 9(7): 1211-1223.

Diaz B, Héctor E, Torres A, Cabainas M, Garcés N,
Izquierdo H, Niiiez M and Iglesias R. (2004). Empleo
de productos bioactivos cubanos como sustitutos de los
reguladores del crecimiento en la propagacion del
platano macho (AAB). Fase de establecimiento in vitro.

Alimentaria, 51 (359): 103-107.

Diosdado E. (1997). Efecto de biorreguladores sobre el
proceso de embriogénesis somatica y el cultivo y fusion
de protoplastos de naranjo agrio (Citrus aurantium L.).
Tesis de Doctorado en Ciencias Bioldgicas. Facultad de

Biologia de la Habana U.H.120 p.

Escalona M, Cejas I, Gonzalez-Olmedo J, Capote I,
Roels S, Caiial MJ, Rodriguez R, Sandoval J and
Debergh P. (2003). Efecto de la meta-topolina sobre la
propagacion del platano utilizando un biorreactor de

inmersion temporal. InfoMusa 12(2): 28-30.

Falcon AB and Cabrera JC. (2007). Actividad

enraizadora de una ,mezcla de oligogalacturénidos
en peciolos de violeta africana (Saintpaulia ionantha L.).

Cultivos Tropicales 28(2): 87-90.

FHIA. (2007). Bananos y platanos de la FHIA para la
seguridad alimentaria. FHIA Informa, 16(1): 6-8.

Gaspar T, Kevers C, Penel C, Greppin H, Reid DM
and Thorpe TA. (1996). Plant hormones and plant
growth regulators in plant tissue culture. In Vitro
Cellular and Developmental Biology - Plant, 32(4): 272-
289.

Goncalves S, Fernandes L and Romano A. (2010).
High-frequency in vitro propagation of the endangered
species Tuberaria major. Plant Cell, Tissue and Organ

Culture, 101(3):359-363.

Gonzalez C and Gonzalez J. (1981). Estudio de

patrones para la Lima persa III. Caracterizacion
isoenzimatica. Ciencia y Técnica de la Agricultura, 4(2):

102-108.

Gonzilez-Olmedo JL, Cérdova A, Aragon CE, Pina
D, Rivas M and Rodriguez R. (2005). Effect of an
analogue of brassinosteroid on 'FHIA-18' plantlets

exposed to thermal stress. InfoMusa, 14(1): 18-20.

Héctor E, Torres A, Algoe S, Cabafias M and
Lépez A. (2007). Propagacion in vitro del platano macho

Journal of Research in Biology (2017) 7(3): 2231-2247

2245



Oviedo et al., 2017

(Musa sp. AAB) clon 'Sobrino' con los bioestimulantes
cubanos BB-6 y Biostan como sustitutos de los
reguladores del crecimiento. Cultivos Tropicales, 28(1):

13-18.

Jiménez FA, Ramirez D and Agramonte. (2004).
Use of Biobras-6
InfoMusa, 13(1): 4-6.

in micropropagation of 'FHIA-21".

Kakani A, Li G and Peng Z. (2009). Role of AUXI in

the control of organ identity during in vitro
organogénesis and in mediating tissue specific auxin and
cytokinin in interaction in Arabidopsis. Planta, 229(3):

645-657.

Kitto SL. (1997). Commercial

HortScience, 32(6):1-3.

micropropagation.

Li L, Xu J, Xu ZH and Xuea HW. (2005).

Brassinosteroids stimulate plant tropisms through
modulation of polar auxin transport in Brassica and

Arabidopsis. The Plant Cell, 17(10): 2738-2753.

Montes S, Aldaz JP, Cevallos M, Cabrera JC and
Lopez M. (2000). Uso del biorregulador Pectimorf en la
propagacion acelerada del Anthurium cubense. Culivos

Tropicales, 21(3): 29-31.

Murashige T and Skoog F. (1962). A revised
medium for rapid growth and bioassays with tobacco

tissue cultures. Physiologia Plantarum, 15:473-497

Nieves N, Poblete A, Cid M, Lezcano Y, Gonzalez-
Olmedo JL and Cabrera JC. (2006). Evaluacion del
Pectimorf como complemento del 2,4-D en el proceso de
embriogénesis somatica de cafla de azuicar (Saccharum

sp.). Cultivos Tropicales, 27 (1): 25-30.

Nuiiez M, Siquiera WJ, Hernandez MM, Zullo MAT,
Robaina C and Coll F. (2005). Efecto del Biobras-6 y el
MH-5 en la induccion de callos brotes de lechuga

(Lactuca sativa L.). Cultivos Tropicales, 25(4): 5-9.

Pérez JN, Agramonte D, Jiménez F and Ramirez D.
(1999). Desarrollo perfeccionamiento de la propagacion
masiva en las fases IIl y IV, enraizamiento y adaptacion
en cafia de azlicar, papa, platanos y bananos y adaptacion
de semillas artificiales en cafia de aztcar. Informe Final
del Proyecto. Instituto de Biotecnologia de las Plantas,

Santa Clara, Cuba. 82 p.

Poulose K, Zhang CL, Slater A and Madassery J.
(2007). Control of shoot necrosis and plant death during
micropropagation of banana and plantains (Musa sp.).

Plant Cell, Tissue and Organ Culture, 88(1): 51-59.

Riou C, Hervé C, Pacquit V, Dabos P and
Lescure B. (2002). Expression of an Arabidopsis lectin
kinase receptor gene, lecRK-al, is induced during
and in
oligogalacturonic Plant

Biochemistry, 40 (5): 431-438.

senescence,  wounding response  to

acids. Physiology  and

Rodriguez T. (1999). Influencia de biorreguladores
cubanos sobre algunos indicadores morfologicos durante
las fases de multiplicacion y enraizamiento in vitro del
platano (Musa sp.). Tesis presentada para optar por el
Titulo de Maestra en Biologia Vegetal (Mencion:
Biotecnologia Vegetal). Facultad de Agronomia. UNAH.
53 p.

Saucedo SG, Ramos LE and Reyes TX. (2008). Efecto
de los reguladores de crecimiento para la propagacion in
vitro de la malanga (Xanthosoma sagittifolium (L)

Schott.). Ciencia y Tecnologia, 1: 17-21.

Seeta S, Vidya B, Sujatha E and Anuradha S. (2002).
Brassinosteroids-A new class of phytohormones. Current

Science, 82(10): 1239-1245.

Shirani S, Mahdavi F and Maziah M. (2009).
Morphological abnormality among regenerated shoots of
banana and plantain (Musa sp.) after in vitro
multiplication with TDZ and BAP from excised shoot

tips. Africa Journal of Biotechnology, 8(21): 5755-5761.

2246

Journal of Research in Biology (2017) 7(3): 2231-2247



Oviedo et al., 2017

Simpson SD, Ashford DA, Harvey DJ and
Bowles DJ. (2007). Short chain oligogalacturonides
induce ethylene production and expression of the gene
encoding aminocyclopropane 1-carboxylic acid oxidase

in tomato plants. Glycobiology, 8(6): 579-583.

Souter MA, Pullen ML, Topping JF, Zhang X and
Lindsey K. (2004). Rescue of defective auxin-mediated
gene expression and root meristem function by inhibition
of ethylene signaling in steroid biosynthesis mutants of

Arabidopsis. Planta, 219: 773-783.

Suarez L. and Hernandez MM. (2008). Efecto de una
mezcla de oligogalacturénidos en la propagacion in vitro
de la yuca (Manihot esculenta Crantz), var. 'CMC-40'",
Cultivos Tropicales, 29(3): 47-52.

Teixeira JA, Giang DDT and Tanaka M. (2005). /n
vitro acclimatization of banana and Cymbidium.

International Journal of Botany, 1(1): 41-49.

Tsun-Thai C, Fadzillah NM, Kusnan M and
Mahmood M. (2005). Efecto del estrés oxidativo sobre
los cultivares 'Barangan' y 'Mas'. InfoMusa, 14(2): 32-36.

Uzcategui JP, Hernandez Y, Osorio D and y Rivas M.
(2010). Evaluacion del comportamiento in vitro de
apices de platano Musa AAB cv. 'Harton' and 'Harton

Doble Tallo'. Produccion Agropecuaria y Biotecnologia,

3(1): 7-12.

Villegas F, Giménez C, Vilchez J, Moreno M,
Sandoval L and Colmenares M. (2008). Oxidacion en
la induccién de la embriogénesis somatica a partir de
flores masculinas inmaduras de Gran Enano (Musa
AAA). Revista de la Facultad de Agronomia, 25(3): 21-
28.

Zaffari GR, Kerbauy GB, Kraus JE and Romano EC.
(2000). Hormonal and histological studies related to in
vitro banana bud formation. Plant Cell, Tissue and

Organ Culture, 63(3): 187-192.

Zhang S and Lemaux PG. (2004). Molecular analysis
of in vitro shoot organogénesis. Critical Review of Plant

Science, 23: 325-335.

e R
Submit your articles online at www.jresearchbiology.com

Advantages

Easy online submission
Complete Peer review
Affordable Charges

e Quick processing

e Extensive indexing

¢ You retain your copyright

submit@jresearchbiology.com

www.jresearchbiology.com/Submit.php

Journal of Research in Biology (2017) 7(3): 2231-2247

2247



