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ABSTRACT

The availability of reliable and reproducible micropropagation systems is a decisive step to successfully propagate
plant species with slow growth and low germination rate. The effect was investigated of gibberellin (GA) and cytokinin
(CK) in thein vitro germination and developmentDietes bicolor(Steud.) Sweet ex Klatt. Seeds were inoculated in
Water +Agar; in Murashige e Skoog (MS) medium without plant growth regulators (PGRs) and in MS medium
supplemented with 1 or 2 mg-lgibberellic acid or 6-benzylaminopurine. The germination, growth, and architecture of
the plants presented significant alterations according to the treatments. Germination percentage increased at 2 mg L
1 GA. Plants grown on the GA-supplemented medium also showed larger leaves. The presence of CK in the culture
medium induced the activation of axillary shoot buds and reduced the root length. CK and GA had antagonistic effects
on the thickness of the leaf tissues. The activation of multiple shoots in plants cultured with CK in the medium allowed
thein vitro propagation of approximately three plants per germinated seed. The results obtained in the present study
bring an unprecedented description of a germination system for a higher \ieldigolor micropropagation.

Keywords:. butterfly iris; iridaceaejn vitro germination; plant growth regulators; micropropagation; shoot
proliferation.

INTRODUCTION Iridaceae is a family of perennial monocots of

The flower market has a relevant impact on the worligcognized ornamental importance due to the large number
horticultural industry Over the past 20 years, theOf Species cultivated and the beauty of its flowers and
production of ornamental products has grown consistenfgaves. The family has about 2000 species mainly
around the world, presenting great potential for expansiéhistributed in the Northern HemispheAdtica and Cen-
(Rabobank 2015, 2016). This distinction of the flowefal and SouttAmerica (Goldblattet al, 2008). Some
market is due to the constant incorporation of productidfidaceae species have also been used as medicinal agents,
and logistics technologies (Junqueira & Peetz, 2017ince several compounds with biological activstych as
Biotechnological tools such as vitro propagation and anti-inflammatory and antiallergic effects, have been
genetic manipulation have been used as new approackigtified in the leaf extracts (Rahmetral, 2003:Ayoub
to optimize traditional production techniques favoringet al, 2018). Thus, micropropagation systems have been
mass clonal propagation and the introduction of negstablished for some species of the family as an alternative
cultivars in the ornamental plant market (Ascoetjal, to accelerate the process of propagation, large-scale
2009;Azadiet al,, 2016). production and praude suitable material for breeding and
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bioprospecting programs (Jevremowt al.,, 2013). The seeds were inoculated in test tubes (25 x 150 mm,
According toAscoughet al (2009) nearly 40 species andVidrolabor Paulinia, SABrazil) containing 15 minduction
hybrids of Iridaceae have been successfullgnedium consisting of Murashige & Skoog (1962) basal
micropropagated for commercial purposes and most wesalt solution (MS), sucrose (3% w/v), inositol (0.01% w/
of the gener&rocus Gladiolusandiris. Howeverthein  v) (SigmaAldrich®), 0.8% (w/v) agar (Merék Darmstadt,
vitro performance of many Iridaceae species with orn&ermany) and different concentrations (1 and 2 gk
mental potential remains unexplored. CK (6-Benzylaminopurine) or GA (Gibberellic acid). In the
The development of micropropagation systems faontrol treatment, the PGRs were not added (M&Q).
ornamental plant species whdsevitro studies are not additional control treatment was performed with seeds
well established is limited to understanding how plarihoculated in a medium composed only of water and agar
growth regulators (PGRS) in the culture medium can affe@.8%). The pH of all media was adjusted to 5.7 + 0.1, and
the growth and development of these plants. Cytokiniraitoclaved at 120 °C and 108 kPa for 20 min. PGRs were
(CKs) and gibberellins (GAs) stand out as PGRs acting added after autoclaving by filter sterilization through
in vitro propagation processes. CKs act by stimulatinifillipore filter (0.22pm).
the activation and growth of axilary shoot buds and After inoculation, the test tubes were kept for 90 days
differentiation during leaf development (Bar & Ori, 2014jn a growth room at 26 + 2 °C, with a 16 h photoperiod and
Barbieret al, 2019). GAs have been commercially applied0 umol m? st irradiance provided by two fluorescent
in cereals, fruit trees and ornamental plants and alemps (Luz do Dia Especial, 20, Osram, Brazil)A
important in the processes of germination and plasubculture was performed for the same medium of each
elongation (Finch-Savage & LeubrAdetzger 2006; Chen treatment after 45 days of culture. Thirty tubes were

etal, 2008; Urbanova & Leubndfetzger 2016). prepared for each treatment, with one seed per test tube.
Dietes bicolor(Steud.) Sweet ex Klatt, popularly o
known asAfrican iris or butterfly iris, is a perennial plant Germination and growth

native to Soutl\frica and widely distributed in tropical After 40 days of culture, the germination percentage
and subtropical regions (PooJey98). It is an ornamen- was determined by counting seeds with root protrusion
tal species of increasing commercial value, used in urbmger than 5 mmAt 90 days of culture, the following
landscaping and in public gardens, squares and shoppgrgwth parameters were evaluated: leaf length, root length,
facilities (Lubbeet al, 2011). This species presents slowmumber of leaves per plant and number of buds per explant.
vegetative development and low germination rate anthe evaluations were carried out non-destructively
propagation is clump division (Poole$998).Thus, .
micropropagation could be a useful tool to overcome thesgoot'ng’
problems. In addition, to the best of our knowledge, there After 90 days of culture, the seedlings were transferred
are no reports describing the establishment d@ testtubes containing MS medium without PGRs (MS0),
micropropagation systems fd@. bicolor. Thus the except for the plants obtained in the treatments
objective of the present study was to investigate the effegtpplemented with CK, which were transferred to tubes
of GA and CK on thein vitro germination and containing MS medium supplemented with 2 mgGA
development ob. bicolorseedlings. This knowledge will for elongation. The seedlings were then kept under these
be fundamental for the development of micropropagatig¢pnditions for a further 30 days. Subsequetttigy were
protocols and biotechnological tools for this importantransferred to MS medium without PGRs, for a further 30
ornamental monocot. days. In this phase, all the shoots obtained in treatments
supplemented with CK were individualized for rooting.
MATERIAL AND METHODS After this, the plants were washed to remove the excess
Plant material and culture conditions of culture medium, transferred to 300 mL plastic cups
Seeds ofD. bicolor collected in RioVerde containing the commercial substrate Biopfaand
(17°48'08.7"S, 50°54'27.0"W) and Jatai (17°52’51"Swrapped in plastic bag#éfter seven days, the plastic
51°42'0"W), in the state of Goias, Brazil, were asepticallpags were removed and the plants were taken to the
disinfected by immersion in 70% (v/v) ethanol for 2 mirgreenhouse. Plants surviving under greenhouse
followed by immersion for 20 min in a non-dilutedconditions for more than seven days were considered
commercial sodium hypochlorite solution (2.5% activ@cclimatized.
chlorine; Super Globo Quimi€aContagem, M(Brazil) ) ) ) )
with two drops offween-20 dispersant 0.1% (v/v) per 100 Microscopic and micromorphometric analyses
mL of solution. The disinfected seeds were then rinsed For structural characterization, samples from the
four times with autoclaved deionized water median region of the largest leaf of five plants of each

shoot elongation and acclimatization
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treatment were collected after 90 dayaofitro culture. on MSO (Figure 1c). Howevgno significant diference
The samples were fixed in 4% paraformaldehydeyas observed among the treatments for the number of
dehydrated through a graded ethanol series and embedsves (Figure 1d). The number of shoots was bigger in
in acrylic resin (HistoResin, LeieaNehrheim, Germany). the treatments supplemented with CK, but there was no
Cross sections, pm thick, were obtained using a rotativestatistical difference between the CK concentrations
microtome (RM2155, Leica Microsystems Inc., Deerfield(Figure 1e).
USA) and stained with toluidine blue (pH 4.8; O'Brien &  Supplementation of CK to the culture medium also
McCully, 1981). Images were captured under a lighihhibited the root development @f vitro D. bicolor
microscope (AX70TRFOlympus OpticalTokyo, Japan) seedlings (Figure 1f). In the treatments supplemented with
equipped with a digital camera. 1 and 2 mg £ CK, root length reduction was 70.8% and
For the micromorphometric analysis, fifteen imageg4.1%, respectivelyn comparison to the seedlings grown
were obtained per treatment, in which the mesophyWithout PGRs (MS0), while the other treatments did not
thickness, epidermis thickness (adaxial and abaxial) addfer from the control (MSO0) (Figure 1f).
total thickness of the leaf blade were measufexh o
measurements of each parameter per image were taken GA and CK antagonlstlcal_ly affected |eaf
using the softwar@xioskop 1.0 (Zeiss, Germany), totaling anatomy of D. bicolor
1800 measurements. The D. bicolor seedlings cultured under different
o ) concentrations of GA and CK presented leaves with the
Statistical analysis same anatomical characteristics: a uniseriate and
The experiment was carried out twice in a completelymphistomatic epidermis and homogeneous mesophyll
randomized design. Data were submitted to analysis @mposed of 4 to 5 layers of parenchyma cells with
variance (ANOW) using the SAS/SAT software (SAS, idioblasts dispersed throughout the mesophyll (Figure
2003) and the means were compared using the Tukey tea}. However PGRs promoted significantfetts on
at a level of 5% significance. quantitative anatomical parameters (Figure 2b-d).
Seedlings grown with GA showed thinner epidermis,
RESULTS whereas those supplemented with CK did not differ from
GA increased the in vitro germination rate of ~ MSO (Figure 2b).
D. bicolor seeds The mesophyll thickness was reduced in leaves of
The in vitro culture conditions to which thB. seedlings grown in the presence of GA and in the medium
bicolor seeds were submitted induced the germinatioithout nurients (Figure 2b) but increased in plants
and development of morphologically normal plantsgrown with CK, both in comparison to MSO (Figure 2b).
Germination responses occurred between 25 and 3be leaf blades of the seedlings grown with CK were
days after inoculation. The supplementation of PGReignificantly thicker (Figure 2a-c). On the other hand,
did not alter the the speed of germination (data ngeedlings cultured in the presence of GA and in the
shown). HoweverGAat 2 mg L significantly induced absence of nutrients in the culture medium presented
the highest germination percentage (78%) after 40 datfgnner leaves (Figure 2a-c).
of culture (Figure 1a). In the other treatments, the
percentage varied from 50% (water + agar) to 62% (MSO0)
(Figure 1a).

CK induced multiple shoot formation in
D. bicolor in vitro plants

The CK supplementation in the culture medium
promoted the activation of axilary shoot budsDnf
GA and CK altered the growth and phenotype  picolor (Figures 1e, 3a). The seedlings obtained were
of in vitro D. bicolor plants transferred to medium containing 2 mg GA, for
The seedlings oD. bicolor did not show any elongation and rooting, reaching an average of 5-7 cm
hyperhydric symptoms durinig vitro cultivation, but height and 74% rooting rate after 60 days culture (Figure
their growth and phenotype presented significar8b). Elongated and rooted plants of the different
alterations as affected by the PGRs (Figure 1b). Plantgluction treatments were acclimatized (Figure 3c). Seeds
grown on medium supplemented with 2 mg GA germinated in media supplemented with 1 and 2 rhg L
showed a significant increase in leaf length (Figure 1cK regenerated, respectivel2.5 and 2.8 plants on
compared to the counterparts on MSO (Figure 1c). Ttaverage (Figure 3d). Howeyeéhe survival rate of the
shortest leaf length was observed in the mediumcclimatized plants obtained from media supplemented
supplemented with 2 mgiLlCK, where the plants had awith CK was 87%, while the other treatments presented
significant reduction (75%) compared to those growt00% survival.
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DISCUSSION of GA and CKon thein vitro germination, development

PGRs signaling can control the plant development prg"d Propagation dd. bicolor plants.
cesses by reprogramming gene expression and The regulation of the germination process involves
rebalancing cell proliferation and differentiation (Fester the hormonal balance between abscisic acid (ABA) and
al., 2003; Hepworth & Lenhard, 2014; Xu & Huang, 2014)GA. While ABA promotes the establishment and
Here, we report the effects of exogenous supplementatioraintenance oseed dormangyGA acts in an
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Figure 1: In vitro germination and morphometric analysisDiétes bicolorin vitro seedlingsa. Germination percentagé.

Phenotype oin vitro seedlingsc. Length of the longest lead. Average number of leavess Number of active shootk.Average

length of the longest root. Error bars denote the standard deviation. Means followed by the same letters in each of the graphs do not
differ from each other by the Tukey test at the 5% probability level. Bar =RmeviationsCK, cytokinin;GAgibberellin MSO

MS culture medium without plant growth regulators.
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antagonistic way stimulating germination et al., 2008; Daviere &Achard, 2013; Urbanova &
(Phengphachardt al.,2012; Ruducet al.,2019). In fact, LeubnerMetzger 2016).

in the present study the highest germination rate was In addition to germination, GAs regulate other diverse
observed in the medium supplemented with the highestocesses of plant developmenaYaguchi, 2008; Livhe
GA concentration. The increase in the endogenous GAf al.,2015). Exogenous GA supplementation may have
ABA ratio in the seed from exogenous GAincreased the cellular GA concentration (Gupta &
supplementation may have promoted the activity d€hakrabarty2013), which plays an important role in cell
hydrolytic enzymes, mobilizing stored reserves in thdivision and elogation (Swain & Singh, 2005), resulting in
seeds and, consequentlyading to germination (Chen longerD. bicolor leaves. Similar results were observed
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Figure 2: Micromorphometric characterization Bietes bicolorin vitro seedlingsa. Cross sections of the leavés.Epidermal
thickness (um)c. Mesophyll thicknesspm). d. Leaf blade thickness (um). Error bars denote the standard deviation. Means
followed by the same letters in each of the graphs do not differ from each other by the Tukey test at 5% probability level.
AbbreviationsCK, cytokinin;epepidermisGA gibberellin,memesophyllMSOMS culture medium without plant growth regulators.

Bars = 50um.
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Figure3: Shoot elongation and acclimatizatioétes bicoloplantsa. Seedlings established in medium supplemented with 2 mg

Lt CK. b. In vitro elongated plants after transfer to medium supplemented with 2'r@g\Lc. Acclimatized plantd. Number of
acclimatized plants per germinated seed in the presence of different GA and CK concentrations. Error bars denote the standard
deviation. Means followed by the same letters do not differ from each other by the Tukey test at 5% probabiibblexéhtions:

CK, cytokinin; GA gibberellin, MSOMS culture medium without plant growth regulators. Bars = 2 cm.

by Mushtacet al.(2018) in onionAllium cepal.). On the Unlike GAs, CK supplementation caused a reduction
other hand, in the present study no significant differencés the root length ofn vitro D. bicolor plants. During
were observed in the root length of plants obtained in tleot development, CKs act antagonistically to auxins,
presence of GA and without PGRs (MSO0). This suggestentrolling the rates of differentiation and cell division in
that GA may play a limited role . bicolorroot formation. elongation, transition and division zones, through the
In the literature, the effects of GA signaling on root systemirect inhibition of the genAHK3 and indirectly of the
development are controversial. Anabidopsis thaliana PIN family proteins (Perillet al.,2010;Wybouw & De
(L.) Heynh., GAs positively control the growth of the rootRybel, 2019) These processes help us to understand the
apical meristem and the formation of lateral roots (Ubedaesponse found here to CK treatments, where there was
Toméaset al., 2009; Rizzaet al., 2017). Howeverin reduction in root length db. bicolor plants.
Medicago truncatul&aertn., another model species, GAs GA and CK exhibited antagonistic effects &n
negatively regulate root growth resulting in shorter anblicolor leaf anatomyGA supplementation resulted in a
thinner roots (Fonouni-Fardet al., 2019). These reduction in leaf thickness, while CK increased the leaf
contrasting results suggest that GA effects on root systedissue thickness. These results show that the relation
architecture are species-dependent. between the two hormones is essential for determining
The phenotype ob. bicolor plants was drastically leaf size. The antagonistic effects between GA and CK
altered by exogenous CK supplementation. CK signalirttave been observed in several plant species (Rodriguez-
is vital for the development of vegetative organs in plantsalconet al.,2006; Tirichineet al.,2007; Maekawat al.,
In leaves, CKs act as juvenility factors, promotin@009) and studies have shown that these classes of
morphogenesis and delaying differentiation andormones interact in a negative feedback regulation in
senescence. In the present stu@i supplementation several plant development processes (Fleisttoal.,
promoted reduction in leaf size. This was also observ@®11). This mechanism may have evolved in order to adjust
in A. thaliang in which exogenous application of CKthe balance between cell division, for which a high CK/
resulted in rosettes with small leaves (GreenboinGA ratio is necessary (Jasinskal.,2005; Bolduc & Hake,
Wainbeg et al.,2005). Howeverthe presence of CK in 2009), and differentiation, where higher levels of GA and
the culture medium was also essential for the induction miwer CK are required (Greenboimaibeg et al.,2005;
multiple shoot proliferation iD. bicolorin vitro plants. Fleishoret al.,2011).
Molecular CK signaling is required for the activation of =~ The induction of multiple shoots and the obtaining of
axillary shoot buds by regulating the expression of genésreeD. bicolorplants per seed in medium supplemented
such asSTMandIPT7, which are required for the shootwith CK with subsequent transfer to medium with GA
apical meristem activity (Tucker & Laux, 2007; Miller & demonstrates the potential of threvitro germination
Leyser 2011; Suet al, 2011). These responses system established here to propadatédicolor plants.
demonstrate the compensatory effect of CK on shobticropropagation protocols have been constantly
development, since high CK concentrations induceptimized for Iridaceae species due to their ornamental
greater formation/activation of axillary buds, but camnd medicinal importance, but this is the first report on
reduce the size of organs. thein vitro performance ob. bicolor.
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CONCLUSIONS Daviere JM &Achard P(2013) Gibberellin signaling in plants.
Development, 140:1147-1151.

We report here the_mts on germination, growth, FehérA, PasternakTP & Dudits D (2003)Transition of somatic
and development dd. bicolor plants when GA and CK  pjant cells to an embryogenic state. Plant Cell, Tissue and Organ
levels are altered by their exogenous supplementation irCulture, 74:201-228.

the culture medium. Finch-Savage WE & Leubner-Metzger G (2006) Seed dormancy

GA increased thia vitro germination rate db. bicolor and the control of germination. New Phytologist, 171:501-523.

seeds and plants grown on GA-suppIemented medidﬂqishon S, Shani E, Ori N &eiss D (201) Negative reciprocal

h dl I interactions between gibberellin and cytokinin in tomato. New
showed larger leaves. Phytologist, 190:609-617.

CK induced axillary shoot buds and reduced roQt,nouni-Farde C, Miassod, Laffont C, Morin H, Bendahmane
length. Seeds germinated on CK-supplemented mediunh, Diet A & Frugier F (2019) Gibberellins negatively regulate
gave rise to three regenerated plants per germinated seeEI'.e development oMedicago truncatularoot system. Scientific

o o o Reports, 9:2335.
Add_ltlona”y' GAand CK exhibited antago_nlstlo‘erfts Goldblatt P RodriguezA, Powell MR Davies JT Manning JC\Van
onD. bicolorleaf anatomyGA supplementation resulted  ger Bank M & Savolainel (2008) Iridaceae ‘Out diustralasia’?
in a reduction in leaf thickness, while CK increased the Phylogeny biogeographyand divegence time based on plastid
leaf tissue thickness DNA sequences. Systematic BotadB:495-508.

. . . reenboim-Winbeg Y, Maymon |, Borochov RAlvarez J,

The .results will contribute to .the understanding of Olszewski N, Ori N, Eshett & Weissa D (2005) Cross talk
the in vitro performance oD. bicolor, and to the  petween gibberellin and cytokinin: tégabidopsis GAresponse
establishment of micropropagation systems of this inhibitor SPINDLY plays a positive role in cytokinin signaling.

important ornamental species. Plant Cell, 17:92-102.
Gupta R & Chakrabarty SK (2013) Gibberellic acid in plant: still a
ACKNOWLEDGEMENTS. FINANCIAL mystery unresolved. Plant Signaling & Behavior, 8:e25504.
)
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