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Abstract

Plant micropropagation comprises biotechnological tools used for the conservation and mass propagation of orchid species.
However, there are few reports of its use for orchids of the subtribe Pleurothallidinae. The present study evaluated the effects
of 6-benzylaminopurine (BAP) on shoots formation and development of Dryadella zebrina (Porsch) Luer. For this, seeds
were in vitro germinated, and the plantlets were submitted to different concentrations of BAP (0, 3, 6, 9, 12, and 15 uM).
The plantlets derived from the treatments 0, 6, and 15 uM of BAP were collected after 60 days in culture and subjected to
light microscopy analysis. Our results indicated that BAP increased the formation of the new shoots of D. zebrina, especially
in treatment with 6 pM, and its use is indicated for the in vitro multiplication phase. The anatomical analyses of the roots
showed a deleterious effect of 15 uM BAP on the meristematic region, with the presence of more vacuolated cells in this
zone. Our results represent the first successful report of in vitro propagation for the genus Dryadella and may serve as a
basis for further studies of in vitro propagation of phylogenetically related species.
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1 Introduction

The family Orchidaceae is one of the largest families of
flowering plants, and orchids have a high economic, eco-
logical, and medicinal importance (Lo et al. 2004; Dressler
2005). Pleurothallidinae is a Neotropical subtribe of the fam-
ily Orchidaceae, which holds about 5,100 species, distrib-
uted in 44 genera (Karremans and Davin 2017).

Dryadella zebrina (Porsch) Luer is one of the species
belonging to the subtribe Pleurothallidinae and is charac-
terized by presenting compact plants, with short rhizome,
roots covered by velamen, and a uniflora inflorescence (Luer
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1999). Its flowers stand out for presenting yellow sepals and
petals with reddish-brown color spots (Luer 2006).

Orchids, including D. zebrina, produce a large number of
seeds. However, the germination rate in nature is considered
low, due to the absence of nutritional storage and the need
for interaction with mycorrhizal fungi (Arditti and Ghani
2000). Also, orchids are highly susceptible to losses in bio-
diversity, which can be caused by deforestation, pollinator
decline, and predatory collection, thus leading to popula-
tion reduction in natural environments (Hossain et al. 2009;
Swarts and Dixon 2009).

Micropropagation techniques are widely used for several
orchid species and consist of growing plant tissues in an
aseptic environment, under adequate and controlled physi-
ological conditions. These techniques allow obtaining a
large number of plants in a small space and in a short time,
as well as maintaining the genetic identity of individuals
(Lietal. 2018).

Plant growth regulators (PGRs) supplementation to
the culture medium is used in orchid micropropagation to
improve the plantlet development (Miyoshi and Mii 1995;
Bhattacharyya et al. 2016). This PGR supplementation is
one of the main strategies to control and regulate the in vitro
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morphogenesis, especially with the use of cytokinins and
auxins (Aremu et al. 2016).

The balance of auxin and cytokinin appears to play a
major role in in vitro morphogenesis, with higher cytokinin
levels favoring shoot formation, and higher auxin stimulat-
ing root formation (Motyka et al. 1996). Benzylaminopu-
rine (BAP) is one of the most common cytokinins used for
in vitro propagation and promotes shoot and axillary bud
proliferation (Martins et al. 2018). Auxins, in general, can
induce cell elongation, tissue expansion, and cell division,
and the formation of calluses and roots (Su et al. 2011).

The use of BAP in the orchids micropropagation is effi-
cient in the induction of multiple buds formation and in the
regulation of organogenesis (Adhikari et al. 2019; Castillo-
Pérez et al. 2020). However, there are no reports on the
effects of BAP in the in vitro organogenesis of Pleurothal-
lidinae species.

To investigate the in vitro morphogenesis of D. zebrina
and to establish an optimal concentration of BAP for organo-
genesis, we evaluated the shoots formation and develop-
ment by means of morphoanatomical analyses. The results
obtained here represent the first successful report of in vitro
culture for species of the genus Dryadella and can contrib-
ute to increasing knowledge about the micropropagation of
Pleurothallidinae species.

2 Material and methods

Plant material - Dryadella zebrina plants were col-
lected in Rio do Corvo, Piraquara, Parana (25°19'42.9" S;
48°54'50.2" W) and maintained in the greenhouse of the
Department of Botany of the Federal University of Parani
(Curitiba, Brazil). Specimen was deposited at the Herbar-
ium UPCB (UFPR), voucher number DC Imig, 405. The
seeds were obtained from mature fruits of plants manually
cross-pollinated.

In vitro germination - The D. zebrina fruits were washed
in running water and surface sterilized with 70% ethanol
for 10 min, followed by immersion in 2% (v/v) sodium
hypochlorite solution with 0.1% Tween-20™ for 30 min, and
subsequently washed six times with sterile distilled water.
After this procedure, the seeds were removed and sus-
pended in 750 pL of sterile water. We pippeted 250 pL. of
the suspension into each Petri dish (90X 15 mm) containing
25 mL of culture medium. The germination culture medium
was composed by WPM salts and vitamins (Lloyd and
McCown 1980), supplemented with 2% sucrose (w/v), 0.1%
glutamine, and gelled with 3 g L™! of Phytagel™ (Sigma-
Aldrich). The pH was adjusted to 5.8, and culture medium
was sterilized in autoclave at 121 °C for 20 min. The cultures
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were maintained at 25 +2 °C, under a photoperiod of 16 h of
light under white LED lamps (40 pmol m~2s™").

The plant material was morphologically analyzed to
monitor the germination process. Germination was evalu-
ated after 30, 60, 90, and 120 days of culture with the aid of
a stereomicroscope (SMZ-171, Motic). Seeds that developed
green protocorms with a well-developed stem apex were
considered germinated.

Plantlets elongation - The green protocorms were trans-
ferred to the culture medium with the same components
described above, supplemented with 1 uM of 1-naphtha-
lenacetic acid (NAA). The culture medium pH was adjusted
to 5.8 and autoclaved at 121 °C for 20 min.

The plantlets were distributed homogeneously in the Petri
dishes and were kept 60 days in a growth room, with a tem-
perature of 25 +2 °C, under a photoperiod of 16 h of light
under white LED lamps (40 umol m~2 s71).

Shoot proliferation experiment — The plantlets obtained in
the elongation step were used for this experiment. The cul-
ture medium was the same as described for plantlets elonga-
tion plus six BAP concentrations (0, 3, 6,9, 12, and 15 uM).
The culture medium pH was adjusted to 5.8 and autoclaved
at 121 °C for 20 min.

The explants were inoculated in glass flasks (8.5 cm
highx 5.8 cm in diameter) containing 30 mL of culture
medium. Seven plants per flask were inoculated, with
seven flasks per treatment. The flasks were maintained
in the growth room at a temperature of 25+2 °C, under
a photoperiod of 16 h of light under white LED lamps
(40 umol m~2 571,

After 60 days of inoculation, the following variables
were morphologically evaluated: (1) Percentage of oxida-
tion and survival; (2) Number of shoots; (3) Average num-
ber and length of leaves; (4) Average number and length
of roots. The experiments were conducted in a completely
randomized design, and the results were subjected to regres-
sion analysis, testing the linear and nonlinear models, being
applied the one that best fitted to the data according to
ANOVA test. The statistical analysis was performed using
Statistica® 6.0 for Windows version 8.0.

Morphoanatomy analysis — After 60 days in culture, we
collected samples from the median region of leaves and root
apices. We collected the samples only from the control treat-
ment, the treatment that indicated the best number of shoots
induction, and the treatment supplemented with the highest
BAP concentration.

The fixation of the material was carried out in a solu-
tion of 0.1 M phosphate buffer and 2.5% paraformaldehyde
at 4 °C for 24 h. The material was then washed twice for
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15 min with 0.1 M phosphate buffer and dehydrated in an
ethanol series (30, 50, 70, 90%, and absolute ethanol).

The material was infiltrated following the ratio (2:1;
1:1; 1:2) of absolute ethanol and methacrylate resin (His-
toresin, Leica®), and a 24 h immersion in pure historesin.
The samples were embedded in historesin and hardener in a
15:1 ratio. After 24 h, the blocks were sectioned (5 um) in
a rotating microtome (Slee Technik®). The sections were
treated with an aqueous solution of toluidine blue (0.05%)
and phosphate buffer 0.1 M, pH 6.8 (O’Brien et al. 1964).
The most relevant histological aspects were observed and
recorded in an optical microscope (Olympus BX40) coupled
with a digital camera (Olympus DP71).

3 Results

In vitro germination and development - The germination
rate was 90%, indicating an adequate maturation stage and
high viability of the seeds used in further experiments.

The seeds germination followed the typical stages of
orchid plantlet development: (1) Viable embryo; (2) Swol-
len embryo; (3) Embryo enlargement and testa rupture; (4)
Emergence of the protomeristem; (5) First leaf emergence;
(6) Leaf elongation (Fig. 1).

The seeds of D. zebrina underwent changes in color
and size during the development stages. When inoculated,

Fig. 1 Developmental stages of
Dryadella zebrina seeds inocu-
lated in vitro. a Seeds on day
zero of inoculation. b Greenish
seeds after 30 days in culture. ¢
Protocorm with pink color after
60 days in culture, indicating
the shoot formation (yellow
circle). d Fully formed plantlets,
with shoot (white arrow) and
rhizoids (red arrow), after

90 days in culture. Bar: 1 mm

the seeds were colorless and extremely small (Fig. 1a). At
60 days of inoculation, small rounded and chlorophyll struc-
tures were observed, forming a sharp structure at the end, as
well as the presence of rhizoid in the basal portion (Fig. 1b
and c). At 90 days of culture, the protocorms indicated a pair
of leaves and rhizoids (Fig. 1d). After 120 days of culture,
the plantlets were already well developed and suitable for
subculture to the plantlet elongation culture medium.

After 30 days in the elongation culture medium, the plant-
lets were well developed, with a well-formed shoot and root
apices, and uniform length (~ 1 cm).

BAP effects on shoots proliferation — After 60 days in cul-
ture, the plants of all treatments indicated mean survival
greater than 97%. However, BAP concentrations greater than
9 uM caused a slight decrease in plant survival. Plant oxi-
dation was higher on treatments from 9 to 15 uM of BAP,
duplicating the number of oxidized plants (~ 18%), when
compared to treatments supplemented with lower concen-
trations of BAP (0, 3, 6 uM). Those oxidized plantlets pre-
sented brownish color and growth inhibition. Thus, it was
possible to observe that concentrations up to 6 pM of BAP
are more suitable for the in vitro development of D. zebrina.

Regarding the mean number of shoots, the greatest forma-
tion of new shoots occured in the treatment with 6 uM BAP
(Fig. 2). This treatment had an average of three new shoots
formed per plantlet, twice the average number of shoots
observed in the control treatment. In addition, the shoots
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Fig.2 Mean number of shoots formed of D. zebrina plantlets after
60 days in culture medium supplemented with six concentrations of
6-benzylaminopurine (BAP). p-value =0.042428

obtained in this treatment showed an improved uniformity
of size (Fig. 3).

The treatments supplemented with 12 and 15 uM BAP
indicated a decreased shoot formation, suggesting a pos-
sible deleterious effect of BAP in these concentrations. The
plantlets of these treatments were poorly developed, with
few or no roots (Figs. 3d-f).

The mean number of leaves were the same between the
treatments evaluated, showing 12.4 +3.33 leaves per plantlet
for all the evaluated treatments. In the leaf length, otherwise,
BAP-supplemented treatments showed a gradual decrease,
from 0.84 cm in the control treatment to 0.65 in the 15 uM
BAP treatment (Fig. 4).

As expected, the number and length of roots were higher
in the BAP-free treatment (Fig. 5a and b). In the BAP-sup-
plemented treatments, we observed a clear decrease in these
parameters.

Morphoanatomy analysis — The root apices of D. zebrina
analyzed in the present study indicated regions with multi-
stratified epidermis (velamen), cortex, and vascular bundle
(Fig. 6). The velamen has two layers of cells, slightly elon-
gated, with “U” spacing, with sinuous projections (Figs. 6d
and f).

The D. zebrina cortex has cells of circular shape, with
four layers of cells, and a vascular bundle with four to seven
poles of protoxylem. The vascular bundles showed phloemic
cells interspersed with xylemic cells and were surrounded
by the pericycle. The presence of vacuolated cells stood out
in the root apices of the treatment with 15 uM of BAP when
compared to the other two treatments evaluated, especially
in the meristematic region (Fig. 6f).

In the leaf samples, we observed a well-differentiated
mesophyll, with well-defined lacunous parenchyma cells
and vascular bundles (Fig. 7). The morphoanatomical fea-
tures were very similar between the leaves from the evalu-
ated treatments.
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The leaf cross-section has a semicircular shape. Its epi-
dermis is uni-stratified, with a circular shape on the adaxial
and abaxial surfaces. More developed adaxial epidermal
cells were also observed, which may help in the water
reserve. The presence of lacunous parenchyma was more
visible in the samples from PGR-free treatment (Fig. 7a)
than in the BAP-supplemented treatments (Fig. 7b and c).

The vascular system is formed by collateral vascular
bundles. The number of vascular bundles is greater in the
median region of the leaf blade surrounded by parenchyma
cells. They are organized with different patterns of intercala-
tion of smaller caliber bundles with larger caliber bundles
(Fig. 7b and c).

4 Discussion

In vitro germination and development - In vitro develop-
ment was monitored since the beginning of germination,
including the formation of protocorms and the emission
of the first leaves and rhizoids (Fig. 1). The present study
observed the five stages of the initial germination of orchid
seeds: stage 0: viable embryo, without germination; phase
1: swollen embryo, rhizoid formation; phase 2: continuous
embryo enlargement, testa rupture; phase 3: the emergence
of the protomeristem; phase 4: the emergence of the first
leaf; and stage 5: elongation of the first leaf (Stewart and
Kane 2006).

In the first 30 days in culture, it was possible to visualize
the swelling of the seeds (phase 1), which had a greenish
color (Fig. 1b). Similarly, Barbero et al. (2011) observed that
at 45 days of culture the seeds also had swollen, rounded, or
conical structures, during the germination and initial devel-
opment of three species of Pleurothallidinae.

Orchid seeds follow a very uniform germination pattern,
where the seeds first swell, leading to the rupture of the
integument and the release of the embryo (Yam and Arditti
2009). Subsequently, a green tuberiform structure (proto-
corm) develops.

At day 90 in culture, we observed protocorms with a pair
of leaves and several rhizoids, in stage 4 of development
(Fig. 1d). Barbero et al. (2011) reported similar character-
istics only after 120 days of in vitro germination of three
species of Pleurothallidinae. These authors investigated the
in vitro development of Acianthera teres (Lindl.) Borba,
Octomeria gracilis Lodd. ex Lindl., and Octomeria cras-
sifolia Lindl., and observed that two of these species had
well-developed seedlings at 180 days of culture. Octomeria
crassifolia indicated a slower development, without roots
formation until 180 days in culture (Barbero et al. 2011).

For Dryadella liliputiana (Cogn.) Luer, Koene et al.
(2020) reported in vitro germination rates below 40% and no



The cytokinin 6-Benzylaminopurine improves the formation and development of Dryadella zebrina. .. 815

Fig. 3 Morphological features
of plantlets after 60 days in
culture medium supplemented
with six concentrations of
6-benzylaminopurine (BAP). a
Control treatment; b Treatment
supplemented with 3 uM BAP;
¢ Treatment supplemented

with 6 uM BAP; d Treatment
supplemented with 9 uM BAP;
e Treatment supplemented

with 12 uM BAP; f Treatment
supplemented with 15 uM
BAP. Yellow arrows indicates
root, and red arrow indicates
shoots formation. The red circle
indicates a newly formed shoot.
Bar: 1 cm

leaves emergence in the germinated protocorms. Thus, here
we report the first micropropagation protocol for Dryadella.

In the present work, after 120 days in the germination
culture medium, the obtained plantlets were subjected to
rooting and elongation in an NAA-supplemented treatment.
Previous bioassays in our lab with D. zebrina using a culture
medium NAA-free indicated lower rooting rates and slower
development (data not shown).

BAP effects on shoots proliferation — The elongated
plants were inoculated in a culture medium containing
six concentrations of BAP. According to our results, a

gradual improvement in the number of shoots formation
was observed until the treatment supplemented with 6 uM
BAP (Fig. 2).

Similar results on the BAP positive effects have been
described for the shoots induction of Laelia crispata
(Thunb.) Garay and the hybrid Laeliacattleya Culminant
"Tuilerie" x Laeliacattleya Sons Atout Rotunda x Brassolae-
lia cattleya (Soares et al. 2010). Rodrigues et al. (2015) also
reported a positive influence in the number of shoots formed
in Cyrtopodium saintlegerianum Rchb.f. Similarly, Porn-
pienpakdee et al. (2011) proposed that cytokinin supplemen-
tation in Dendrobium sp. can induce shoots and also promote
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Fig.4 Mean length of leaves of D. zebrina plantlets after 60 days
in culture medium supplemented with six concentrations of 6-ben-
zylaminopurine. p-value =0.000005
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Fig.5 Mean number a and length b of roots of D. zebrina plantlets
after 60 days in culture medium supplemented six different concen-
trations of 6-benzylaminopurine. p-value of figure (a)=0.00045;
p-value of figure (b)=0.00031

plant development. Unfortunately, there are no reports of the
use of BAP for shoots induction in Pleurothallidinae species.

Cytokinins are commonly used to stimulate the develop-
ment and growth of multiple shoots in vitro (Bhattachar-
yya et al. 2016). Cytokinins have a wide array of functions,
being the regeneration and proliferation of multiple shoots
closely related to the type and concentration of cytokinins
used (Amoo et al. 2014). Our results indicate that the use of
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BAP until the concentration of 6 uM improves the formation
of new shoots.

Our results also showed a decreased shoot formation and
improved plantlets oxidation in treatments supplemented
with BAP above 9 uM BAP. High concentrations of exog-
enous cytokinins can increase the cytokinin oxidase activity,
decreasing the endogenous levels of cytokinins and, conse-
quently, inhibiting cell division and preventing the induction
of new shoots (Motyka et al. 1996). These higher concentra-
tions can also reduce the size of the leaves and reduce the
morphogenic responses in tissue culture, causing problems
in the rooting phase (Jordan et al. 1998).

The oxidation derived from the release of phenolic com-
pounds is caused by polyphenol enzymes, which are toxic
and inhibit the growth of the explant due to changes in the
absorption of metabolites (Cassells and Curry 2001). In
this context, concentrations of BAP above 9 uM can cause
greater tissue oxidation and negatively affect plant growth
in D. zebrina explants.

As previously mentioned, we observed a subtle decrease
in the plantlets leaf length in BAP-supplemented treatments,
when compared to the control (Fig. 4). This decrease may
reflect one of the physiological effects of BAP, which is the
stimulus of cell division. With accelerated cell division, it is
common to observe less elongated cells, which can interfere
with the total leaf length (Li et al. 2020). However, during
the stage of plant proliferation in the presence of BAP, this
effect did not compromise the plantlet development until the
concentration of 6 uM.

We observed an improved number and length of roots
in the BAP-free culture medium, which was only supple-
mented with NAA 1 uM (Fig. 5a and b). Nayak et al. (1998)
also reported that shoots of Cymbidium aloifolium (L.) Sw.
were efficiently rooted on a culture medium supplemented
with NAA (5.4 uM). In this study, the authors achieved high
shoot proliferation rates on a cytokinin-supplemented culture
medium and subsequently rooted the plantlets in an NAA-
supplemented culture medium (Nayak et al. 1998).

Finally, it is important to stress that despite the expected
inhibitory effect of BAP in D. zebrina root formation, this
cytokinin was able to stimulate the formation of new shoots,
increasing the in vitro proliferative capacity. A later stage
of in vitro rooting with the obtained shoots from a BAP
treatment would be sufficient to obtain a greater number of
rooted plants.

Morphoanatomy analysis — The root cortex of D. zebrina
indicated similar features to those described by Imig et al.
(2020) for several species of the genus Dryadella. Accord-
ing to Imig et al. (2020), the amount of vascular bundles in
Dryadella roots is related to water transport functions, where
a larger diameter of the bundles will promote greater flow.
Ribeiro et al. (2020) also observed a similar structure with
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Fig.6 Longitudinal sections
Dryadella zebrina roots under
light microscopy after 60 days
in culture. BAP-free treatment
(a-b); Treatment supplemented
with 6 uM BAP (c—d); Treat-
ment supplemented with 15 uM
BAP (e—f). Pc indicates Pro-
cambium, and the black circles
indicate the region of the root
apical meristem (RAM)

0 Y
u’#ﬂ’

‘lﬂ'ﬁ?ﬁ?-}}d
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the root morphology of Cattleya caulescens (Lindl.) Van den
Berg and Cattleya endsfeldzii (Pabst) Van den Berg.

The greenish color in the root apex cells of plantlets cul-
tured with 15 uM BAP (Fig. 6f) might be and indicative of
phenolic compounds presence. Toluidine blue is a metachro-
matic dye, which exhibits different coloration according to
the substrate it reacts to, indicating green color in the pres-
ence of non-structural phenolic compounds (Ribeiro and
Leitdao, 2020). The morphological analysis corroborates
this indicative, where higher rates of plantlet oxidation were
observed in the 15 pM BAP treatment (Fig. 3).

Light microscopy analyzes of leaf tissues showed a uni-
stratified epidermis with a circular shape on the adaxial and
abaxial surfaces (Fig. 7). Pridgeon (1982) reported similar
characteristics, in which the species of the genus Dryadella
analyzed had cells of circular shapes, elliptical, and the het-
erogeneous mesophyll.

In conclusion, the germination of D. zebrina seeds in the
WPM culture medium occurred efficiently, generating well-
formed protocorms. The obtained protocorms developed into
healthy plantlets that could be elongated and rooted. The
cytokinin BAP gradually increased the formation of new
shoots of D. zebrina in concentrations until 6 uM, indicating
its use for the in vitro shoot multiplication phase.

The anatomical analyzes of the roots and leaves allowed
us to visualize the effects of BAP on the plantlets. In the
roots, less organization of the meristematic region and a pos-
sible accumulation of phenolic compounds were observed in
plantlets from the treatment supplemented with 15 uM BAP,
especially in the cambium.

Our results represent the first successful protocol of
in vitro propagation of D. zebrina and for the genus Dry-
adella. In this sense, the data obtained here may serve as a
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Fig. 7 Transversal sections of
Dryadella zebrina leaves under
light microscopy, after 60 days
in culture. BAP-free treatment
(a=b); Treatment supple-
mented with 6 uM BAP (c-d);
Treatment supplemented with
15 uM BAP (e—f). Vb indicates
vascular bundles (Vb), and Pa
indicates parenchymal cells

basis for further studies of in vitro propagation of phyloge-
netically related species.
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