Cultivos Tropicales, 2003, vol. 24, no. 3, p. 11-18

EVALUATION OF TWO BRASSINOSTEROID ANALOGUES
ON CALLUS FORMATION AND SHOOT INDUCTION
IN SWEET POTATO (Ipomoea batatas (L.) Lam.)

O. Gonzalez®, Maria M. Hernandez, J. Silva, A. Espinosa, E. Oliva,

A. Sigarroa and Miriam Nufez

ABSTRACT. Leaf explantswere put in Murashige and Skoog
mediumwithgrowthregulators2,4-D (001 mgL ™), 6-BAP(02mgL™)
and brassinosteroid anal ogues Biobras-6 (BB-6) or MH-5 at
different concentrations (0.001, 0.01, 0.05and 0.1 mg.L ™) and
the brassinosteroid analogues used only or combined with
2,4-D in the medium for callus induction: Callus percentage
was evaluated after four weeks. For studying the influence of
selected analogues on shoot induction, four-week-old calli
from control medium (2,4-D + 6-BAP) wereused and transferred
to media containing BB-6 or MH-5, either alone or combined
with IAA (0.05 mg.L™) or withIAA (0.05 mg.L ™) andKinetine
(0.2 mg.L™). Calli were kept in incubation chamber under
sunlight conditions, at thetemperature of 25 + 2°C, 80-90 %
relative humidity and 72-90 pmol.m.S* light intensity. After
four weeks, different quantitative and qualitative aspectswere
evaluated in calli and shoots obtained. The best results were
recorded when using growth regulators2,4-D (0.1 mg.L™) and 6-
BAP(0.2 mg.L™) aoneinthemedium, aswell ascombined with
BB-6 or MH-5 brassinosteroid analogues at 0.01 mg.L™
concentration. Shoot induction wasfavored, in general, when
brassinosteroid anal ogueswere combined with IAA (0.05 mg.L™)
and Kinetine (0.2 mg.L™), compared to separate analoguesin
the culture medium.
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RESUMEN. Se seleccionaron explantesdel limbo foliar y se
sembraron en el medio de cultivo de Murashige y Skoog con
2,4-D (0.1 mg.L ™)y 6-BAP (0.2 mg.L™), combinados con los
anél ogos de brasinoesteroides Biobras-6 (BB-6) o MH-5 adi-
ferentes concentraciones (0.001, 0.01, 0.05y 0.1 mg.L ") y los
anaogos de brasinosteroides independientes o combinados
con 2,4-D parainducir laformacion de call os. Después de cua-
tro semanas se evalué el porcentaje de callos formados. Para
estudiar lainfluencia de los andl ogos seleccionados en lain-
duccién de regenerantes, se utilizaron callosde cuatro sema-
nas obtenidos en el medio control (2,4-D + 6-BAP) y se
transfirieron amedios que contenian BB-6 0 MH-5 solamente 0
en combinacion con AIA (0.05 mg.L™) oconAlA (0.05mg.L™)
y Kinetina (0.2 mg.L™). Los callos se mantuvieron en camara
deincubacion en condiciones de luz solar alatemperaturade
25+ 2°C, humedad rel ativade 80-90 % eintensidad luminosa
de 72-90 umol.m*.S™. Transcurridas cuatro semanas, se reali-
zaron mediciones cuantitativasy cualitativasaloscalosy los
regenerantes procedentes de los callos obtenidos. Se logra-
ron buenos resultados en laformaci én de call os morfogeénicos,
a emplear 2,4-D (0.1 mg.L™) y 6-BAP (0.2 mg.L ™) como Ginicos
reguladores del crecimiento en el medio de cultivoy al ser
combinados con los andl ogos de brasinoesteroides BB-6 o
MH-5 ala concentracion de 0.01 mg.L™. La induccion de
regenerantes sevio favorecida, de manerageneral, con el em-
pleo del andlogo de brasinoesteroides combinado con AIA
(0.05 mg.L ™) y Kinetina (0.2 mg.L™), en comparacin conlos
and ogos independientes en el medio de cultivo.

Palabras clave: callo, |pomoea batatas, regeneracion vegetal,
brasinoesteroides

INTRODUCTION

Sweet potato is an economically profitable crop to
many countries, especially Cuba, for human and animal
nutrition, as well as in industry. The consumption of its
roots and leaves by humans and animals, respectively, is
the most important use of such crop.

Current difficulties, in this regard, are related to low
yields in some regions, due to phytosanitary problems,
pest and disease attack, as well as poor availability of
seeding material. Therefore, it is necessary to find some
efficient ways for obtaining new superior clones to those
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currently employed. For this purpose, in vitro techniques
are recommended, since they have been a powerful tool
in trade exploitation and have favored micropropagation of
different species. In this sense, available results indicate
that micropropagation will substitute conventional
multiplication systems, bringing about the necessity of
studying callus formation and shoot induction of sweet
potato, using an appropriate culture medium for achieving
an efficient process of indirect organogenesis. Growth
regulators constitute one of the key and more expensive
elements used for in vitro propagation. That is why, they
must be optimized or substituted for more efficient and
cheaper bioregulators (1, 2).

There are reports on the application of
brassinosteroids and their analogues to different crops for
obtaining morphogenic calluses, as well as plant
regeneration and embryogenic callus formation, where a
well-marked activity of in vitro processes was observed,
opening new prospects for Cuban agriculture (3). Such
bioregulators are effective in morphogenetic processes of
different species and, differently from traditional growth
regulators, the best results are recorded when the lowest
concentrations of the product are used, allowing a reduction
in costs of the culture medium (2, 4, 5).

These compounds perform physiological functions in
plant growth and development (3), which suggests that
they could play an important role in regulating regenerative
growth. Previous studies (6) have shown that responses
to brassinosteroids include its effects on cell elongation,
division, vascular and reproductive development, membrane
polarization and proton pumping, source-sink relationships,
as well as on stress modulation.

Brassinosteroid promoting effects on cell elongation of
vegetable tissues have been observed in many species (7),
from which only a reduced group has been studied in detail,
in order to determine the role of such effects in cell culture.
On the other hand, regulation of gene expression by
brassinosteroids has been studied (8) whereas, recently,
good results have been reported by applying different
brassinosteroids to various crops (9, 10).

Therefore, the objective of this work was to evaluate
the effect of two brassinosteroid analogues, as growth
regulators, on callus formation and shoot induction in
different sweet potato clones.

MATERIALS AND METHODS

The present work was carried out in the “Center for
Vegetable Biotechnological Studies”, at the University of
Granma, in collaboration with the National Institute of
Agricultural Sciences. For this purpose, tuberous roots
from Censa 78-354, Invit B 90-1, Invit B 93-1, Yabu-8 and
Jewel clones were collected from seed banks, taking into
account their health and size uniformity. Afterwards, they
were placed in glass flasks containing water under
semicontrolled lab conditions and their shoots were cut
for selecting leaf limb explants, keeping them at a
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temperature of 27 + 2°C, 75-80 % relative humidity and
80-95 imol.m2.S* light intensity.

Experiment 1: Callus formation by using 2,4-D, 6-BAP
and brassinosteroids. For evaluating effectiveness in
morphogenic callus formation, two brassinosteroid
analogues were employed: BB-6 or MH-5 (0.001, 0.01,
0.05 and 0.1 mg.L?), synthesized in the “Faculty of
Chemistry”, at the University of Havana. Such analogues
were used as only growth regulators, combined with 2,4-D
(0.1 mg.L™") or with 2,4-D (0.1 mg.L™) + 6-BAP (0.2 mg.L™)
in a MS culture medium containing mioinositol (100
mg.L™), sucrose (3 %) and phytagel (0.25 %). In all ca-
ses, pH was adjusted to 5.8 + 0.01 before adding the
solidifying agent. A control treatment with traditional
regulators was used. 1cm? explant per flask containing
20 mL of medium were placed and 25 flasks per treatment
were used. Culture was placed in sunlight aseptic
chambers, at a temperature of 25+ 2°C, 80-90 % relative
humidity and 72-90 imol.m2.Slight intensity.

After four weeks, the following evaluations were

performed: percentage of formed calli, callus development
(according to Santana’s scale (11)), color and strength.
Proportion-comparing analysis was applied to calli
belonging to the third degree on the scale.
Experiment 2: Effect of brassinosteroids, kinetine and
IAA on shoot induction. A second experiment was carried
out, with the objective of evaluating the effect of
brassinosteroid analogues on shoot induction. In this case,
calli obtained from Murashige and Skoog basal medium,
supplemented with 2,4-D (0.1 mg.L™?) and 6-BAP (0.2 mg.L™),
were transferred to media containing the formerly
mentioned brassinosteroids alone, using the same
concentrations as in the previous experiment, or combined
either with 1AA (0.05 mg.L™) or with IAA (0.05 mg.L™) +
kinetine (0.2 mg.L™?). A control treatment containing growth
regulators alone was applied using such concentrations.
After four weeks, 15 calluses per treatment were evaluated,
taking into account the following indicators: percentage
of calli with shoots, nhumber of shoots per callus and
percentage of calli with roots.

A proportion-comparing analysis was applied to the first
and third indicators; whereas a one-way classification variance
analysis was applied to the second one, using the fixed
effect model. In cases where significant differences were
found, Duncan’s Multiple Range Test was applied at 5 %.

RESULTS AND DISCUSSION

Experiment 1: Callus formation by using 2,4-D, 6-BAP
and brassinosteroids. When using brassinosteroid
analogues as growth regulators independently, no results
on morphogenic callus formation belonging to the second
and third degree of the scale used were obtained. Only
with 0.01 mg.L™" and 0.05 mg.L™* BB-6, cicatrization callus
at the edges of explant (first degree) was obtained in some
clones. Morphological changes were neither observed and
the explant kept its green color.
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As it is seen in Table I, when BB-6 or MH-5
brassinosteroids were combined with 2,4-D (0.1 mg.L™)
in culture medium, a better behavior was observed than
when they were added as only growth regulators. The
highest values (88.0 %) were reached when using
0.01 mg.L™ of either brassinosteroid, indicating the highest
stimulation of callus formation when analogues were
combined with 2,4-D in the culture medium. When BB-6 or
MH-5 were used at a concentration of 0.01 mg.L™,
combined with 2,4-D and 6-BAP, 100 % callus formation
was achieved in all clones and no significant differences
were found with the control (2,4-D and 6-BAP), in which
high values of morphogenic callus formation were obtained.

When performing the qualitative analysis of calluses,
all treatments presented similar morphological features
and third-degree morphogenic calluses were cream
yellow, nodular and friable. Calli placed in media with
BB-6 or MH-5 were higher than those in the medium
containing 2,4-D and 6-BAP alone, which could be
associated with brassinosteroid effect on cell elongation.
It should be highlighted the fact that, when using
brassinosteroid analogues as only growth regulators in
the culture medium, roots appeared in some cases, even
when callus reached the first degree only. This coincided
with other authors (2), who affirmed that brassinosteroids
or their analogues in the culture medium usually include
the control of in vitro root induction.

In previous works on potato callus formation (12),
different concentrations (0.25, 0.1, 0.01, 0.001 mg.L™)
of BB-6 or MH-5 analogues combined with 2,4-D were
studied and a favorable effect was observed on callus
growth, development and quality; BB-6 standing out
at a concentration of 0.01 mg.L™?, as well as MH-5 at
0.001 mg.L™. There was no response when analogues
were used as auxin substitutes.

When MH-5 behavior was studied in culture medium
for coffee callus formation (13, 14, 15), it was stated that

when brassinosteroid analogues were added to the
medium, a strong biological activity in callus formation
was recorded, increasing fresh callus weight under ex-
treme conditions of hormonal imbalance. Changes in
auxin levels, caused by brassinosteroids and their
analogues, could amplify the final effect of auxin-cytokinin
relationship on vegetable tissues. However, according to
other authors (16, 17, 18), brassinosteroids combined
with auxins could achieve more effective callus growth
than auxins and cytokinins.

On the other hand, previous works (9) on sugar cane

callus recovery, submitted to water and salt stresses,
have shown that callus growth was favored when they
were placed in a culture medium supplemented with
BB-6, as a substitute for cytokinin, revealing antistress
potentialities of such analogue.
Experiment II: Effect of brassinosteroids, kinetine and
IAA on shoot induction (Tables Il and I11). In general, the
highest capacity was manifested when BB-6 or MH-5
brassinosteroid analogues were used independently in the
culture medium at 0.01 mg.L™ in all clones evaluated, the
control being superior in most cases. It should be
highlighted that calli with roots were abundant and big in
most cases, probably because of the brassinosteroid
analogue used, which favored root emission in all clones,
as well as in most concentrations evaluated, they being
lower at superior concentrations to 0.05 mg.L™.

After evaluating BB-6 analogue combined with IAA
(Table V), it was found that the lowest concentrations
favored shoot induction per callus, but they never
surpassed the control, in which far superior values were
obtained. Calluses with roots appeared at all concentrations
when BB-6 was combined with IAA. It seems that, when
combined with BB-6 brassinosteroid analogue, auxin
concentration favored root emission, they being more
abundant at the lowest concentrations of brassinosteroid
analogues.

Table I. Results of morphogenic callus formation (%) by using 2,4-D, 6-BAP and brassinosteroids

Clones BB-6 (mg.L ™) combined with 2,4-D (0.1 mg.L™) and 6-BAP (0.2 mg.L™)
0.001 0.00I 0.01 0.01 0.05 0.05 0.1 0.1 2,4-D
2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 6-BAP
6-BAP 6-BAP 6-BAP 6-BAP
Cemsa78-354 20.0d 320¢c 76.0b 100 a 36.0c 400¢c 16.0d 20.0d 92.0a
Inivit B 90-1 12.0d 36.0c 84.0b 100 a 20.0d 24.0cd 16.0d 24.0cd 100 a
Inivit B 93-1 16.0d 36.0c 88.0b 100 a 12.0d 20.0d 12.0d 12.0d 100 a
Y abu-8 Oe 8.0d 720b 100 a 16.0 cd 20.0c Oe 12.0cd 92.0a
Jewel Oe 120cd 80.0b 100 a Oe 12.0cd Oe 4.0d 100 a
Clones MH-5 (mg.L™) combined with 2,4-D (0.1 mg.L™") and 6-BAP (0.2 mg.L™)
0.001 0.00l 0.01 0.01 0.05 0.05 0.1 0.1 2,4-D
2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 6-BAP
6-BAP 6-BAP 6-BAP 6-BAP
Cemsa78-354 20.0e 28.0d 80.0b 100 a 40.0c 480c 24.0de 28.0d 92.0a
Inivit B 90-1 16.0de 20.0d 80.0b 100 a 12.0e 16.0 de 20.0d 320c 100 a
Inivit B 93-1 16.0e 24.0d 84.0b 100 a 12.0e 20.0de 20.0de 36.0c 100 a
Y abu-8 Oe 8.0d 68.0b 100 a Oe Oe Oe 16.0c 92.0a
Jewel Oe 16.0c 76.0 b 100 a Oe Oe Oe 8.0d 100 a

Key for all tables: Callus inducing medium: 2,4-D (0.1 mg.L") and 6-BAP (0.2 mg.L?). (*means with common letters do not differ significantly
at 0.05%) Santana’s scale (1982). Means are followed by the same letter in lines (Table 1) and in columns (Tables I, I, IV, V, VI and VII)
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Table Il. Shoot induction (%) from calli using BB-6 brassinosteroid analogue as the only growth regulator in
culture medium

Clones Concentration (mg.L™) Calluses with shoots Shoots per callus Calluses with roots
BB-6 AlA Kin. (%) (X) (%)
Cemsa 78-354 0.001 0 0 26.7 ef 18e 26.7 e
0.01 0 0 66.7 bc 16e 66.7 c
0.05 0 0 0g 0g 93.3 ab
0.1 0 0 O0g 0g 33.3de
0 0.05 0.2 93.3a 3.0ab 100 a
Inivit B 90-1 0.001 0 0 73.3 abc 18e 53.3 cd
0.01 0 0 93.3a 2.0de 73.3 bc
0.05 0 0 0g 0g 73.3 be
0.1 0 0 Og Og 66.7 c
0 0.05 0.2 100 a 4.0a 13.3 ef
Inivit B 93-1 0.001 0 0 53.3cd 1.9 de 53.3 cd
0.01 0 0 66.7 bc 23cd 66.7 c
0.05 0 0 13.3 fg 1.0f of
0.1 0 0 0g 0g 0f
0 0.05 0.2 93.3a 3.0ab 6.7 ef
Y abu-8 0.001 0 0 26.7 ef 18e 40.0 de
0.01 0 0 66.7 bc 2.6 bc 100 a
0.05 0 0 0g 0g 13.3 ef
0.1 0 0 0g 0g 0f
0 0.05 0.2 86.7 ab 2.0de 13.3 ef
Jewel 0.001 0 0 40.0 de 3.0ab 53.3 cd
0.01 0 0 86.7 ab 3.1la 100 a
0.05 0 0 0g O0g 100 a
0.1 0 0 0g 0g 40.0 de
0 0.05 0.2 100 a 40a of
VC=4.77
SE=0.140

Table lll. Shoot induction (%) from calli using MH-5 brassinosteroid analogue as the only growth regulator in
culture medium

Clones Concentration (mg.L ™) Calluses with shoots Shoots per callus  Calluses with roots
MH-5 AlA Kin. (%) (X) (%)
Cemsa 78-354 0.001 0 0 od 0g 26.7 fg
0.01 0 0 60.0 ab 18e 100 a
0.05 0 0 60.0 ab 2.0de 80.0 ab
0.1 0 0 od Og 53.3 cde
0 0.05 0.2 93.3a 3.0ab 100 a
Inivit B 90-1 0.001 0 0 33.3c 1.0f 66.7 bc
0.01 0 0 66.7 a 23cd 66.7 bc
0.05 0 0 13.3 cd 1.0f 20.0 fgh
0.1 0 0 od 0g Oh
0 0.05 0.2 100 a 40a 13.3 ef
Inivit B 93-1 0.001 0 0 13.3cd 1.2f 40.0 def
0.01 0 0 60.0 ab 2.6 bc 60.0 bed
0.05 0 0 33.3¢c l6e 53.3 cde
0.1 0 0 od 0g Oh
0 0.05 0.2 93.3a 3.0ab 6.7 f
Y ab(-8 0.001 0 0 od 0g 33.3 efg
0.01 0 0 80.0a 28b 26.7 fg
0.05 0 0 20.0 cd 1.9de 40.0 def
0.1 0 0 od 0g 13.3 gh
0 0.05 0.2 86.7 ab 2.0de 13.3 ef
Jewel 0.001 0 0 40.0 bc 23cd 66.7 bc
0.01 0 0 73.3a 30a 100 a
0.05 0 0 od 0g 13.3 gh
0.1 0 0 od 0g 40.0 def
0 0.05 0.2 100 a 4.0a of
VC (%)= 4.19
SE=0.130
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Table IV. Shoot induction (%) from calli using BB-6 brassinosteroid analogue combined with IAA in culture

medium
Clones Concentration (mg.L ™) Calluses with shoots Shoots per callus Calluses with roots
BBA-6 AlA Kin. (%) (X) (%)
Cemsa 78-354 0.001 0.05 0 13.3 ef l4cd 100 a
0.01 0.05 0 33.3 cde 30a 100 a
0.05 0.05 0 of Oe 100 a
0.1 0.05 0 Of Oe 66.7 bc
0 0.05 0.2 93.3a 3.0ab 100 a
Inivit B 90-1 0.001 0.05 0 53.3 bc 1.8 bc 100 a
0.01 0.05 0 66.7 ab 28a 100 a
0.05 0.05 0 Of Oe 80.0 ab
0.1 0.05 0 of Oe 53.3 cd
0 0.05 0.2 100 a 40a 13.3 ef
Inivit B 93-1 0.001 0.05 0 20.0 ef 1.3cd 66.7 bc
0.01 0.05 0 46.7 bcd 30a 93.3a
0.05 0.05 0 Of Oe 53.3 cd
0.1 0.05 0 Of Oe 33.3 de
0 0.05 0.2 933 a 3.0ab 6.7 f
Y abu-8 0.001 0.05 0 of Oe 53.3 cd
0.01 0.05 0 13.3 ef 19b 66.7 bc
0.05 0.05 0 of Oe 40.0 de
0.1 0.05 0 Of Oe 40.0 de
0 0.05 0.2 86.7 ab 2.0de 13.3 ef
Jewel 0.001 0.05 0 53.3 bc 30a 80.0 ab
0.01 0.05 0 80.0 a 30a 100 a
0.05 0.05 0 66.7 ab 11d 33.3 de
0.1 0.05 0 26.7 de 1.0d 26.7e
0 0.05 0.2 100 a 40a of
VC (%)= 4.37
SEx=0.130

On the other hand, response to shoot induction and
number per callus was found at certain concentrations,
when BB-6 was combined with IAA and kinetine (Table V),
although efficiency was not superior to the one found by
other researchers in previous experiments, where different
regulators were used (2). The highest values in shoot
induction were found in the medium without brassinosteroid
analogues (control) and with 0.01 mg.L™* BB-6. Genotype
influenced in vitro response to brassinosteroid analogues, used
independently or combined with traditional growth regulators.

Also, shoot and root induction occurred
simultaneously, so that there were more favorable results
when using low concentrations, and surpassed the con-
trol in some cases. This could be owing to the fact that,
increasing brassinosteroid analogue concentrations in
culture medium, simultaneous shoot and root emission
is inhibited. When brassinosteroid analogue at 0.01 mg.L*
was combined with IAA and kinetine, a superior shoot
index per callus was obtained in relation to the remaining
treatments, except for the control, root emission being
abundant in all treatments evaluated.

In previous works, different concentrations of BB-6
brassinosteroid analogue were applied to culture medium,
in order to prove its auxin effect on shoot growth, achieving
its good development. Some authors (1, 3) suggested a
possible brassinosteroid action as promoters of cell
differentiation, although mechanisms by means of which
this occurs are still unknown.

When MH-5 was combined with auxin, the best shoot
emission was obtained with 0.01 mg.L™* in most clones
studied (Table V1). It should be highlighted that, although
results are neither shown nor of great concern in the
present study, roots were favored in almost all
concentrations and clones studied, reaching values up to
100 % in some cases. The former issue indicates that
root emission was favored when MH-5 was combined with
auxin. Root responses to brassinosteroids are diverse and
physiologically different from shoot responses (21).

When using MH-5 brassinosteroid analogue
combined with IAA and kinetine, shoots and roots were
obtained in all clones studied, as well as in most
treatments evaluated (Table VII). Shoot induction was
favored with most concentrations applied, starting from
0.01 mg.L* when combined with growth regulators,
achieving similar results when the control medium was
used. This indicates that there is a relationship in
organogenic response starting from calluses, between
brassinosteroid analogue, combined with auxin and
cytokinin, and the genotype used. It is necessary to point
out that brassinosteroid analogues are effective at in vitro
morphogenic processes, having the advantage of obtaining
the best results in their way of action, as well as in their
effectiveness, when using low concentrations of the
product (2, 4,12, 14, 22).
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Table V. Shoot induction (%) from calli, using BB-6 brassinosteroid analogue combined with IAA and kinetine

Clones Concentration (mg.L™) Calluses with shoots Shoots per callus Calluses with roots
BBA-6 AlA Kin. (%) (X) (%)
Cemsa 78-354 0.001 0.05 0.2 26.7 ef 2.0 de 100 a
0.01 0.05 0.2 66.7 bc 3.3b 100 a
0.05 0.05 0.2 O0g Oh 33.3 efg
0.1 0.05 0.2 0g Oh 13.3gh
0 0.05 0.2 93.3a 40a 100 a
Inivit B 90-1 0.001 0.05 0.2 20.0 ef 1.8 ef 60.0 bcd
0.01 0.05 0.2 80.0 ab 3.4b 100 a
0.05 0.05 0.2 13.3f 1.6 ef 53.3 cde
0.1 0.05 0.2 0g Oh 26.7 fg
0 0.05 0.2 100 a 3.0 bc 13.3gh
Inivit B 93-1 0.001 0.05 0.2 53.3 cd 1.9 ef 80.0b
0.01 0.05 0.2 100 a 3.3b 100 a
0.05 0.05 0.2 26.7 ef l4fg 13.3gh
0.1 0.05 0.2 26.7 ef 109 26.7 fg
0 0.05 0.2 93.3a 39a 6.7 h
Y abu-8 0.001 0.05 0.2 26.7 ef 2.3d 26.7 fg
0.01 0.05 0.2 80.0 ab 41a 66.7 bc
0.05 0.05 0.2 13.3f 109 Oi
0.1 0.05 0.2 Og Oh 40.0 def
0 0.05 0.2 86.7 ab 28c 13.3gh
Jewel 0.001 0.05 0.2 20.0 ef 3.0 bc 53.3 cde
0.01 0.05 0.2 100 a 43a 100 a
0.05 0.05 0.2 80.0 ab 1.8 ef 40.0 def
0.1 0.05 0.2 40.0 de 109 20.0 fgh
0 0.05 0.2 100 a 40a ol
VC(%)=2.85
SEx= 0.160

Table VI. Shoot induction (%) from calli using MH-5 brassinosteroid analogue combined with IAA in culture

medium
Clones Concentration (mg.L™}) Calluses with shoots Shoots per callus Calluses with roots

MH-5 AlA Kin. (%) (X) (%)
Cemsa 78-354 0.001 0.05 0 40.0e 1.2f 66.7 bc
0.01 0.05 0 53.3 de 2.4d 93.3a
0.05 0.05 0 of 0g 100 a

0.1 0.05 0 of 0g Oe
0 0.05 0.2 93.3a 3.0ab 100 a
Inivit B 90-1 0.001 0.05 0 40.0e 1.8 ef 100 a
0.01 0.05 0 80.0 abc 3.0c 100 a
0.05 0.05 0 of 0g 46.7 cd
0.1 0.05 0 of 0g 40.0d
0 0.05 0.2 100 a 40a 13.3 ef
Inivit B 93-1 0.001 0.05 0 40.0e 20e 100 a
0.01 0.05 0 86.7 ab 2.6 cd 100 a
0.05 0.05 0 of 0g 53.3 cd
0.1 0.05 0 of 0g 66.7 bc

0 0.05 0.2 93.3a 3.0ab 6.7 f
Y abu-8 0.001 0.05 0 of 0g 66.7 bc
0.01 0.05 0 40.0e 1.8 ef 86.7 ab
0.05 0.05 0 of 0g 100 a
0.1 0.05 0 of 0g 33.3d
0 0.05 0.2 86.7 ab 2.0de 13.3 ef
Jewel 0.001 0.05 0 66.7 bed 3.8b 100 a
0.01 0.05 0 93.3a 40a 100 a
0.05 0.05 0 60.0 cde 1.1f¢ 93.3a
0.1 0.05 0 of 0g 33.3d

0 0.05 0.2 100 a 4.0a of

VC (%)04.44
SEx=0.130
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Table VII. Short induction (%) from calli using MH-5 brassinosteroid analogue combined with IAA and kinetine

Clones Concentration (mg.L™) Calluses with shoots Shoots per callus Calluses with roots
MH-5 AlA Kin. (%) (X) (%)
Cemsa 78-354 0.001 0.05 0.2 40.0b 1.6 cd 80.0 abc
0.01 0.05 0.2 80.0 ab 3.1b 100 a
0.05 0.05 0.2 20.0cd 1.8¢c 60.0 cde
0.1 0.05 0.2 Oe Oe Oi
0 0.05 0.2 93.3a 3.0b 100 a
Inivit B 90-1 0.001 0.05 0.2 13.3d 1.8¢c 66.7 bcd
0.01 0.05 0.2 100 a 34b 100 a
0.05 0.05 0.2 13.3f 1.3 cd 46.7 def
0.1 0.05 0.2 20.0 cd Oe 40.0 efg
0 0.05 0.2 100 a 40a 13.3 hi
Inivit B 93-1 0.001 0.05 0.2 46.7 b 20c 46.7 def
0.01 0.05 0.2 100 a 3.3b 100 a
0.05 0.05 0.2 40.0b 1.0de 60.0 cde
0.1 0.05 0.2 Oe Oe 53.3 de
0 0.05 0.2 93.3a 3.0b 6.7 hi
Y abt-8 0.001 0.05 0.2 Oe Oe 53.3 de
0.01 0.05 0.2 86.7 ab 3.2b 86.7 ab
0.05 0.05 0.2 13.3d 1.8¢c 20.0 ghi
0.1 0.05 0.2 Oe Oe Oi
0 0.05 0.2 86.7 ab 20c 13.3 hi
Jewel 0.001 0.05 0.2 86.7 ab 3.0b 100 a
0.01 0.05 0.2 100 a 34b 100 a
0.05 0.05 0.2 33.3b 1.6cd 66.7 bcd
0.1 0.05 0.2 26.7 bc 1.0de 26.7 fgh
0 0.05 0.2 100 a 4.0a ol
V C(%)= 3.30
SEx=0.170

There are recent reports in Cuba on the application
of BB-6 or MH-5 brassinosteroid analogues under field
conditions (18) and, up to now, there is no evidence of its
use on sweet potato tissue culture. Therefore, this is the
first time that a detailed and integral study on morphogenic
callus formation and sweet potato seedling regeneration
is carried out, using brassinosteroid analogues in
marketable sweet potato clones. In this sense, novel
results have opened new possibilities in this crop, as well
as in the use of brassinosteroid analogues as growth
regulators. Good results have been also recorded in potato
(Solanum tuberosum L.) callus differentiation, yam
(Dioscorea sp.) in vitro tuber formation, conversion and
adaptation of papaya (Carica papaya L.) plants from
somatic embryos, as well as in potato vitroseedling
adaptation (3). Analogues have been also used for
evaluating weight increase of embryogenic calluses,
from fertilized ovules of Cleopatra mandarin (Citrus rehni
Hort e. Tan) to low concentrations (0.01 mg.L™) in culture
medium, obtaining good results (23).

In arecent work (24), two brassinosteroid analogues
(BB-6 and MH-5) were used in callus formation and lettuce
plant regeneration, showing that combining 0.001 mg.L™*
BB-6 or 0.01 mg.L™* MH-5 with 0.1 mg.L™* 6-BAP not only
stimulated callus formation, but also plant regeneration.
However, as it is seen in the present work, using such
analogues as only growth regulators in the culture medium

did not favor callus induction. These authors also reduced
6-BAP concentrations to 50 % and added BB-6 or MH-5;
recording stimulation of callus formation but reduction in
plant regeneration, which reveals the importance of
cytokinin in the medium. The former issue confirms what
other authors (7) have expressed, that cell auxin and
cytokinin endogenous content is critical to determine
brassinosteroid effect.

Results from these bioassays, related to the capacity
of brassinosteroid analogues for activating metabolic and
growth processes in vegetable tissues at very low
concentrations, confirmed other results from several
research works on different species (2, 19, 23, 24). This
opens new prospects on their use as substitutes for growth
regulators in the different biological processes (3).

REFERENCES

1. Gonzéalez, S. Actividad biol6gica de diferentes
brasinoesteroides en Rhaphamus sativus, L. y
Saccharum officinarum, L. In: Seminario Cientifico del
INCA (11:1998:La Habana), 1998.

2. Plana, D.; Alvarez, M.; Florido, M.; Lara, R. y Nufez, M.
Efecto del Biobras 6 en la morfogénesis in vitro del to-
mate (Lycopersicon esculentum, Mill) var. Amalia. Culti-
vos Tropicales, 2002, vol. 23, no. 2, p. 21-25.

17



0. Gonzalez, Maria M. Hernandez, J. Silva, A. Espinosa, E. Oliva, A. Sigarroa and Miriam Nufiez

10.

11.

12.

13.

14.

Nufez, M. Los brasinoesteroides y su actividad biol6gi-
ca. La Habana:lAC. 1996. 35 p.

Diosdado, E. Efecto de biorreguladores en el proceso
de embriogénesis somética, cultivo y fusion de
protoplastos en el naranjo agrio (Citrus aurantium, L.).
[Tesis de doctorado], 1997.

Hernandez, M.; Moré, O. y Nufiez, M. Empleo de anélo-
gos de brasinoesteroides en el cultivo in vitro de papa
(Solanum tuberosum, L.). Cultivos Tropicales, 1999,
vol. 20, p. 41-44.

Nufez, M. y Robaina, C. Brasinoesteroides. Nuevos re-
guladores del crecimiento vegetal con amplias perspec-
tivas para la agricultura. Campinas:Instituto Agronémi-
co, 2000.

Oh, M. N. y Clouse, S. D. Brassinolide effects the rate of
cell division in isolated leaf protoplast of Petunia hybrida.
Plant Cell Reports, 1998, vol. 17, p. 921-924.

Clouse, S. P. y Sasse, J. Brassinosteroids: Essential
regulators of plant growth and development. Annual
Reviews of Plant Physiology and Plant Molecular Biology,
1998, vol. 49, p. 427-451.

Rodriguez, T.; Nufiez, M. y Vento, H. Influencia de un an&-
logo de brasinosteroides en la fase de multiplicacion in
vitro del banano (Musa spp.) variedad Gran Enano. Cul-
tivos Tropicales, 1998, vol. 19, no. 2, p. 19-22.

Zullo, M. A. Efeito da aplicacao de brassinosterdides en
feijao. In: Agrotec’99. International Conference on
Agropoles and Agro-industrial Technology Parks,
Barretos, 1999.

Santana, N. Determinacion de un medio adecuado para
la obtencion de callos en variedades de cafia de azucar
(Saccharum officinarum, L.) in vitro. Cultivos Tropicales,
1982, vol. 4, no. 3, p. 35-40.

Moré, O. Efecto de nuevos biorreguladores en la forma-
cion de callos embriogénicos de papa (Solanum
tuberosum, L.). [Tesis de Maestria], 2000.

Garcia, D.; Marrero, M.; Cuba, M. y Nufiez, M. Efecto cua-
litativo de analogos de brasinoesteroides como sustitu-
tos hormonales en la callogénesis de café (Coffea
canephora var. Robusta). Cultivos Tropicales, 1997,
vol. 18, p. 44-46.

Garcia, D.; Torres, W.; Cuba, M. y NUfiez, M. Analisis del
crecimiento de callos de Coffea canephora var. Robusta
en presencial del analogo de brasinoesteroides MH-5.
Cultivos Tropicales, 1998, vol. 19, p. 55-60.

18

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Garcia, D. Accion del analogo de brasinoesteroides MH-5
y la formacién de biomasa en callos de Coffea canephora
var. Robusta. Cultivos Tropicales, 2000, vol. 21, p. 39-46.
Salinas, R. Evaluacién de la actividad biolégica de dis-
tintos brasinoesteroides. Turrialba, 1994, vol. 44,
p. 220-226.

Coll, D.; Diosdado, E.; Gonzélez, C.; Romas, M. |.; Xiqués, X.;
Coll, F.; Pérez, R.y Echevarria, M. T. Efecto de tres anélo-
gos de brasinosteroides en el crecimiento y variabilidad
genética del callo embriogénico de naranjo agrio (Citrus
aurantium, L.). Resimenes. En: Taller Internacional de
Biotecnologia Vegetal, BioVeg’'99. La Habana, 1999,
p. 5.

Vega, R.; Rodriguez, L.; Sagua, J. y Santiago, Y. Utiliza-
cion de sustratos altenativos en la aclimatacién de
vitroplantas de platano cv. FHIA 01. En: Programas y Re-
sumenes Seminario Cientifico del INCA (12:2000:La
Habana). p. 188.

Coello, N.; Gonzélez, S. y Hernandez R. M. Efecto de
Brasinoesteroides cubanos y Pectimorf sobre la rege-
neracion de callos de cafia de azucar (Saccharum
officinarum). En: Programa y Resumenes Congreso
Cientifico del INCA (13:2002 nov. 12-15:La Habana).
p. 114.

Velazquez, L.; Cruz, B.; Garcia, Y.y Jomarron, |. Aplicacion
de Biobras-6 al cultivo in vitro de platano, c.v. FHIA-18.
In: Taller Internacional de Biotecnologia Vegetal.
Bioveg'99, La Habana, 1999, p. 8.

Roddick, J. Comparative root growth inhibitory activity of
four brassinosteroids. Phytochem, 1994, vol. 37,
p. 1277-1281.

Garcia, D. Actividad biolégica de analogos de
brasinoesteroides sobre la formacién de callos
embriogénicos en cafeto (Coffea canephora, P.). [Tesis
de Maestria], 1998.

Hernandez, R.; Diosdado, E. y Coello, N. Efecto de dife-
rentes biorreguladores en el establecimiento de lineas
embriogénicas de mandarina cleopatra (Citrus reshni
Hort ex Tan.). En: 9no. Seminario Cientifico Internacional
Agrotrop-2002. Memorias CD-ROM. Universidad Agra-
ria de La Habana. ISBN 959-16-0149-2. 2002.

Nufiez, M.; Siquiera, W. J.; Hernandez, M.; Zullo, M. A. T.;
Robaina, C. y Coll, F. Influence of two brassinosteroid
analogues on callus formation and plant regeneration of
lettuce (Latuca sativa). Plant Cell Reports, 2002.

Recibido: 6 de enero del 2003
Aceptado: 6 de marzo del 2003



	Title
	Authors
	Abstract
	Resumen
	Key words
	Introduction
	Materials and Methods
	Results and Discussion
	References

