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Abstract

Cycnoches haagii Barb. Rodr. is an epiphytic orchid very targeted by collectors, but no reference was found in the literature about its
reproductive biology. Thus, the purpose of this study was to obtain initial information regarding pollination types and its influence
on seed viability of this native orchid of the Brazilian Cerrado, in order to enable future propagation and preservation programs.
Pollination among flowers of the same plant (geitonogamy) or different plants (xenogamy) were carried out. Seeds extracted
from the capsules were sown in B&G medium, with full and half strength. Seeds from geitonogamic resulted in 25% of albino
protocorms and consequently in albino seedlings. This phenomenon did not occur in seedlings derived from xenogamic pollination.
Pigment analysis showed that even the albino seedlings presented chlorophylls and carotenoids, however, in significantly minor
concentrations, 16% and 37% respectively, in relation to green seedlings. Geitonogamic and xenogamic pollinations resulted in C.
haagii viable seeds with high germination percentage (90%) under in vitro conditions. The germination of seeds from xenogamic
pollination resulted in chlorophyll or normal seedlings only, and can be recommended at conservation programs. On the other hand,
although geitonogamic pollination should be avoided at conservation programs of this orchid species as it leads to albino seedlings,
it showed a very interesting system to obtain seedlings with this phenotype, an interesting plant material to future investigation.
Keywords: albinism, geitonogamy, germination, orchid, plant pigments.

Resumo
Autopolinizaciio de Cycnoches haagii, orquidea nativa do Cerrado Brasileiro, resulta em plintulas fenotipicamente albinas

Cycnoches haagii é uma orquidea epifita alvo de muitos coletores, mas nenhuma referéncia foi encontrada na literatura sobre sua
biologia reprodutiva. Assim, o objetivo deste estudo foi obter informagdes preliminares sobre os tipos de polinizagdo e sua influéncia
na viabilidade das sementes desta orquidea nativa do Cerrado brasileiro, a fim de viabilizar futuros programas de multiplicagdo
e preservacdo. Foram realizadas polinizagdes entre flores da mesma planta (geitonogamia) ou plantas diferentes (xenogamia). As
sementes obtidas das capsulas foram semeadas em meio B&G, com concentragdo total e parcial de sais. Sementes de geitonogamia
resultaram em 25% dos protocormos albinos e consequentemente em plantulas albinas. Este fendmeno ndo ocorreu em sementes
oriundas de polinizagdo xenogamica. A andlise de pigmentos mostrou que mesmo as plantulas albinas apresentaram clorofilas
e carotenoides, porém em concentragdes significativamente menores, 16% e 37% respectivamente, em relagdo as plantulas
pigmentadas. A polinizagdo geitonogamica deve ser evitada em programas de propagacao da orquidea C. haagii devido a origem
de plantulas albinas. Além disso, a polinizagdo xenogamica mostrou-se um método muito interessante para a obtengao de mudas
com fenotipo albino, material vegetal muito intrigante para futuras investigagdes.

Palavras-chave: albinismo, geitonogamia, germinaco, orquidea, pigmentos vegetais.

Introduction Cycnoches haagii Barb. Rodr. is an epiphytic and
not endemic orchid native to the Cerrado Domain, being
Orchidaceac is one of the largest plant families, found in different vegetation formations in the Brazilian

containing more than 25,000 species in the entire world states of Amazonas, Pard, Rondonia, Goids and Mato

(Chase et al., 2015), but unfortunately, it is also among the
most threatened of all flowering plants (Huang et al., 2018).

Grosso (Barros et al., 2015). In the state of Mato Grosso do
Sul, the species was reported in the municipality of Costa
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Rica (Barros et al., 2018). As it is a species with high
ornamental potential (Torrezan et al., 2018), and given
the beauty and delightful smell of the flowers, as well as
the magnitude of the vegetative structures, these authors
affirm that studies on the propagation process of this
orchid are essential, not only to improve the production
process making it economically viable, but also to
preserve, promoting the perpetuation of the species, thus
reducing the risk of extinction.

In vitro propagation has been proven to be effective
in mass multiplication of a number of native orchids
with different focus, as species conservation (Silva et
al., 2017; Hunhoff et al., 2018; Bezerra et al., 2019),
commercial purposes (Balilashaki et al., 2015) or
both goals (Mercado and Contreras, 2017; Utami and
Hariyanto, 2019). According to Rasmussen et al. (2015),
in any conservation or restoration program for native
orchid populations, a definition of factors that limit
seed germination and seedling establishment must be
investigated.

Currently, there is only one study on in vitro
germination of C. haagii, using seeds extracted from
capsules collected in situ (Torrezan et al., 2018). Genetic
compatibility and germination information are required to
guide comprehensive management strategies for species
successful conservation, as proposed by Paiva Neto et al.
(2015) to the orchid Bletia catenulata, which can generate
capsules and viable seeds by self or cross-pollination.
In this aspect, researches involving orchid reproductive
biology are essential to start a multiplication process or a
breeding system of a given species of interest.

Most orchids are self-compatible. However,
spontaneous self-pollination tends to be avoided by
the presence of some floral mechanisms (Catling and
Catling, 1991; Smidt et al., 2006). Although the number
of studies on pollination biology and reproduction
involving Brazilian orchids has increased in recent
years, there are still few researches taking into account
the importance and the number of native Orchidaceae
species (Mickeliunas et al., 20006).

Asymbiotic seed germination has also been used for
the multiplication of commercially important orchids,
and it has shown to be an effective tool for the orchids
mass production for conservation and reintroduction
purposes (Stewart and Kane, 2006; Johnson and Kane,
2012; Wu et al., 2014). However, a few researchers
have reported the appearance of albino seedling during
the germination process, but in different plant species,
as Arabidopsis thaliana (Tada et al., 2014) and Delonix
regia (Silva et al., 2020). Albinism can be associated
with several genetic or biochemical factors, including the
incompatibility between nuclear and plastid genomes,
deletions in plastidial DNA, genetic mutations in nuclear
loci, meiotic abnormalities, or even the incomplete
development of chloroplasts, all of which result in
dramatic changes in chloroplast biogenesis (Kumari et
al., 2009).

Thus, the purpose of this study was to obtain initial
information regarding pollination types and its influence
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on seed viability of the orchid C. haagii, a Brazilian
Cerrado native species, in order to enable future
preservation and multiplication programs.

Material and Methods

Three adult plants of C. haagii collected at a pasture area
(18°32°25.52”’S and 53°9°27.03”W) near Costa Rica city,
Mato Grosso do Sul, Brazil, supported by SISBIO 22570-
2 authorization, were used in the pollination experiments.
These matrices plants were cultivated in plastic pots (2L),
using Plantmax® - HT as substrate, and maintained in a
greenhouse with daily irrigation and used in the pollination
experiments. For species identification procedures,
exsiccateswere prepared and deposited in the herbarium of
the Instituto de Botanica (SP), Sdo Paulo State, Brazil.

The reproductive biology experiments were carried
out by manual pollination of at least three female flowers
that received pollinia from male flowers of the same plant
(geitonogamy) or from male flowers of another plant
(xenogamy), respectively. In both related cases, pollinia
were dislodged from the gynostemium by applying slight
upward pressure to the bottom of the anther cap and
after removal, pollinium was gently transferred into the
stigmatic surface. Manually pollinated flowers were closely
monitored for capsule development and capsule maturity.

After fruits were ripened, in vitro seed germination
was carried out. Fruits were sterilized for twenty minutes
in a solution of sodium hypochlorite (2% active Chlorine),
followed by five minutes in 70% ethanol solution, and finally
rinsed three times in sterile distilled water, as proposed by
Paiva Neto et al. (2015). Seeds of each pollination type
were sown in five Petri dishes containing 20 mL B&G®
(B&G flores company) culture medium with full and half
strength, supplemented with 58.4 mM sucrose, pH 5.6 +
0.1, and solidified with 10.0 g L' agar (HiMedia®). Cultures
were maintained under 16 h photoperiod, with irradiance
of 36 mmol m?s! provided by two fluorescent tubes (Luz
do Dia Especial, 20 W, Osram, Brazil), and temperature
of 27 + 2 °C, in a growth room. After 60 days of sowing,
seed germination data were obtained using a light optical
microscope to count green and albino protocorms in three
areas (2.0 cm in diameter) in each Petri dish.

The protocorms growth observation was carried out
after germination phase. So, green and albino protocorms
coming from geitonogamic pollination were put into flasks
(250 mL) with 50 mL of each B&G® medium (full and half
strength) totalizing four treatments, each one with five flasks
(replicates), containing 10 protocorms. After 120 days,
pigments extraction and measurement of chlorophyll-a,
chlorophyll-b and total carotenoids were performed (Soni
et al.,, 2018). Samples of orchid seedlings (0.5 g), in
triplicate, were taken and carefully crushed by adding S mL
of the solvent methanol in pestle mortar and transferred in
test tubes (25 mL capacity) and covered using aluminum
foil. Later all samples were centrifuged for 10,000 rpm for
15 minutes. Further supernatants were separated and 0.5
mL supernatants from each sample were taken in fresh test
tubes and 5 mL methanol was added. Later each sample
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solution was analyzed for their Chlorophyll-a (652.4
and 665.2 nm), Chlorophyll-b (652.4 and 665.2 nm)
and carotenoid (470 nm) using a spectrophotometer, and
each pigment concentration was calculated using the
respective formula (Cha = 16.72A ., — 9.16A _, ,; Chb
=34.09A,, — 15.28A , ; Car = (1000A, — 1.63Cha
—104.96Chb)/221 (Soni et al., 2018). After that, values
obtained (ug mL') were converted to mg g FW.

All experiments were arranged using a completely
randomized design, with five replicates per treatment.
Percentage data were arcsine transformed prior to
statistical analysis and then submitted to an analysis
of variance (ANOVA) and a means comparison by the
Tukey test at 5% significance (p < 0.05), using the
statistical software SISVAR 4.3 (Ferreira, 2019). The
expected and observed genetic ratios for green and albino
phenotype of Cycnoches haagii seedlings fertilized by
self-pollination were tested using the chi-square (X?)
test (Sokal and Rohlf, 1995). All listed experiments were
repeated twice.

Results and Discussion

No statistical difference was found in the germination
percentage of seeds originated from both pollination
processes, independent of the medium strength, resulting
in mean values around 90.0%. This germination rate was
higher than the 78.4% obtained by Torrezan et al. (2018),
also under asymbiotic conditions in B&G medium, but
using seeds resulted from natural pollination, resulting
in protocorms and seedlings with normal phenotype or
green phenotype. Differently, here we were investigating
the C. haagii germination using seeds obtained by self
and cross-pollination processes. The initial visual aspect
of protocorms came from self-pollinated seeds showed
two different phenotype patterns, progressing to different
seedlings phenotype (Figure 1A). In this case, seeds from
self-pollination originated 25% and 75% of seedlings with
albino and green phenotypes, respectively, whereas seeds
from cross-pollination resulted in 100% of seedlings with
green phenotype (Figure 1B).

Figure 1. Seedlings of Cycnoches haagii resulted from seeds obtained by (A) geitonogamy and (B) xenogamy, and
germinated on B&G® medium under in vitro asymbiotic conditions. Bar = 1 cm.

This behavior indicates that some level of genetic barrier
is present in the self-pollination when compared to cross-
pollination to this species. A similar research was carried
out by Paiva Neto et al. (2015) with Bletia catenulata,
another native orchid species found at Brazilian Cerrado,
but they did not register phenotypic differences in the
seedlings regardless of the type of pollination performed.

Most studies conducted to investigate the inheritance of
albinism have found that it is a recessive trait ruled by one
or two genes with two alleles, albinism being recessive
(Kumari et al., 2009). In this context, albino plants are also
commonly used for studying chloroplast development and
function. Previous studies show that albino plants derived
from mutation together with their green counterparts are ideal
genetic materials for identifying mutated genes involved in the
chloroplast biogenesis and development (Hung et al., 2021).

Ownam. Houtic, (Vigosa)

Because many mutants that are defective in an envelope
membrane protein exhibit an embryo lethal phenotype
(Hormann et al., 2004, Baldwin et al., 2005, Patel et al.,
2008, Hsu et al., 2010, Tada et al., 2014), the number
of albino mutants that can be used for investigations is
limited, showing the importance of discovering new albino
individuals.

Although visually imperceptible, the pigments
analysis showed that even the albino seedlings presented
chlorophylls and carotenoids, however in significantly
minor concentrations, with only 14.4% and 16.1%
respectively, in relation to green seedlings (Table 1).
Medium strength yet altered the pigment levels in the
seedlings tissues, and higher chlorophyll and carotenoid
presence were found in seedlings cultivated on medium
with full strength (Table 1).
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Table 1. Content of @ and b chlorophylls, and total carotenoids of albino and green seedlings of Cycnoches haagii obtained
from geitonogamic seeds germinated on B&G® medium with full or half strength and under in vitro asymbiotic conditions.

. Chlorophyll (mg g FW') X
Phenotype Medium Strength 2 b Carotenoids (mg g FW")
Albino half 0.071d 0.058d 0.131d
Albino full 0.231c¢ 0.304 c 0.254 ¢
Green half 0.923b 0.528 b 1.019b
Green full 1.475 a 1.170 a 2.075a

Means followed by the same letter in the same column indicate no statistically significant difference, according to Tukey’s test at a probability of 5%.

Here we found that albino seedlings have limiting
pigments synthesis. In a comparative study on green and
albino plants, Abadie et al. (2006) found that chlorophyll
content was significantly lower for albino (1.9+5 x 1072 ug
mg fresh weight') compared to green (2.97 + 0.56 pg mg
fresh weight') individuals. Yao and Cohen (2000) analyzed
the pigment contents in albinos and green progenies of
Zantedeschia using High Pressure Liquid Chromatography
(HPLC) and found the levels of violaxanthin, lutein,
chlorophyll a, chlorophyll b and B-carotene were reduced
to 1%—6% compared with the levels in green leaf tissue.
According to Silva et al. (2020), albino plants are
characterized by the white/pale color of normally green
organs due to partial or complete loss of photosynthetic
pigments. Here we have only partial loss of the chlorophyll
synthesis capacity.

Single-gene control of albinism is not uncommon in
the plant kingdom. Shull (1915) described similar genetic
systems that control 2 types of albinism in maize - one
producing pure white seedlings and the other resulting
in yellowish white (chlorina) seedlings; both types of
albinism are recessive, simply inherited, and controlled
by a single diallelic locus. However, some species of the
genus Cycnoches were described with the frequent number
of chromosomes 2n = 2x = 68 (n = 34) (Félix and Guerra,
2000), and although there is no information about C.
haagii. the possible occurrence of polyploidy in this specie

could explain, in parts, this phenomenon, but it also needs
confirmation. In addition, the hypothesis of albinism being
controlled in C. haagii by a gene with two-allele is plausible
when under self-pollination. Expected and observed ratio
of green and albino seedlings obtained by self-pollination
(Table 2), confirm this, as also proposed by (Gettys and
Wofford, 2007).

But one question remains unclear: why albinism was
absent in the crossing-progeny, since the parents are
expected to be heterozygous for this gene? One possible
reason is that some mechanism prevents the albinism
manifestation in the cross-pollination.

Recessive lethal alleles are routinely maintained in
heterozygous individuals within populations and typically
have no deleterious effect on the health of heterozygous
plants; however, it is unclear whether lethal recessive
alleles provide any hidden benefit to populations (Gettys
and Wofford, 2007).

It is important to emphasize that pollen origin directly
influences in the pigments synthesis capacity of the
seedlings, and that geitonogamic pollination of the orchid
C. haagii results in 25% of albino descendants (Table 2).

These results will be useful in future researches with
homozygous albino plants to help us understand the
contribution of functional chloroplasts and mycorrhizal
fungi for orchid growth and development, using albino
plants as model.

Table 2. Expected and observed ratio for albino and green phenotypes of Cycnoches haagii seedlings fertilized by self-
pollination, according to the hypothesis of inheritance proposed for this trait.

Phenotype Expected ratio Observed ratio Hypothesis X?
Green 1509.75 1501 3 0.2028
Albino 503.25 512 1 0.6524

X2 chi-squar test (p<0.05); ns: not-significant (¢ —test p < 0.05).
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Conclusions

Geitonogamic and xenogamic pollinations resulted in
C. haagii viable seeds with high germination percentage
(90%) under in vitro conditions. However, geitonogamic
pollination should be avoided at conservation programs
of this orchid species as it originates albino seedlings.
Nonetheless, it showed a very interesting system to obtain
seedlings with albino phenotype, an interesting plant
material to future investigations.
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