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RESUMO

NERY, Lays Araujo, D.Sc., Universidade Federal de Vicosaiconale 2017.
Anatomia e ultraestrutura de sitios de sintese de Oleo essenciatwdtivo de
vitroplantas de Polygala paniculata L. Orientadora: Marilia Contin Ventrella.
Polygala paniculataé uma espécie medicinal, cujo extrato das raizes é ddiliza
tratamento de luxacdes, traumas e acidentes ofidicopriqgtades terapéuticas
corroboradas pela ciéncia. A caracteristica mediaaal plantas geralmente &st
relacionada a presenca de estruturas secretoras espdamlim sintese, acimulo e
secrecdo de compostos com atividade terapéutica. Ha rééatdsomas, cavidades
e células secretores de Oleos essenciaiP.gpaniculata No entanto, pouco se sabe
sobre o0 desenvolvimento, composi¢cado quimica e processo secssas detruturas
Espécies com valor medicinal tem sido alvo de difesetéenicas biotecnologicas
como o cultivoin vitro, com vistas a maximizacdo da producdo de compostos
bioativos. As espécies respondem de formas distintasgutacdo das condicOes
vitro, tais como qualidade de luz, agentes geleificantes e moac&o de sacarose, 0
gue pode resultar em alteracdes na qualidade das plantasseguentemente, da
secrecao produzida. Desse modo, o0 presente estudo teveletno (1) identificar

e analisar o desenvolvimento e sitios secretores de &sescais; (2) investigar os
aspectos subcelulares e mecanismos de sintese, aailifndoacdo da secrecéo; (3)
Comparar os aspectos ultraestruturais entre os sitiost@®s identificados; (4)
avaliar os efeitos da manipulacdo de condigdegtro (qualidade da luz, agentes
geleificantes e concentracdo de sacarose) sobre @raadbliar deP. paniculata
Polygala paniculatapresenta trés sitios secretode 6leos essenciais: tricomas nas
folhas e caules, cavidades nas folhas e células certicas raizes. O
desenvolvimento de tricomas e cavidades envolve 0 processo rie cedular
programada. Tricomas, cavidades e células corticaiszléra a secrecdo composta
por O6leos essenciais. As caracteristicas subcelularss esfuturas secretoras
estudadas sdo semelhantes e estédo relacionadas cameaangtiimica da secrecao.
No cultivo in vitro, os fatores avaliados alteraram a morfoanatomiar folkeaP.
paniculata Os tratamentos com l|ampadas fluorescentes induziram o
desenvolvimento de plantulas e a diferenciacdo anatésecaelhante aquela
observada em plantax situ Tratamentos com concentracéo de sacarose de 30 g L
em &gar em 15 g'tem Phytagel induziram o aumento da espessura foliar attavés

aumento do volume celular das células epidérmicas, dmqanda lacunoso e da

Vi



reducdo dos espacos intercelulares. O presente estuddoelusi mecanismo
estrutural e a secrecao de 6leos essenciaB.gmaniculata O efeito das condi¢cdes
in vitro no crescimento e anatomia foliar das espécies podeiapeesubsistir para
melhorar os protocolos de cultivo in vitro das espécies.
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ABSTRACT

NERY, Lays Araujo, D.Sc., Universidade Federal de Vicosa, cMarR017.
Anatomy and ultrastructure of essential oil synthesis sites and dutation of
vitroplants of Polygala paniculata L. Advisor: Marilia Contin Ventrella.

Polygala paniculatais a medicinal species, whose root extract is used in the
treatment of dislocations, trauma and ophidian accidehtsapeutic properties
corroborated by science. The medicinal characteri$tmlamts is usually related to
the presence of secretory structures specialized in thbesysit accumulation and
secretion of compounds with therapeutic activity. Theee raports of trichomes,
cavities and secretory cells of essential oilsPinpaniculata However, little is
known about the development, chemical composition aneteegrprocess of thse
structures. Species with medicinal value have been thgettanf different
biotechnological techniques suchiasvitro cultivation, with a view to maximizing
the production of bioactive compounds. Species respond feredift ways to the
manipulation ofin vitro conditions, such as light quality, gelling agents and sucrose
concentration, which can result in changes in the qualitythe plants and,
consequently, the secretion produced. Thus, the pressiyt atmed to (1) identify
and analyze the development and secretory sites oftedsals; (2) to investigate
the subcellular aspects and mechanisms of synthesis, aletiom and release of
secretion; (3) Compare the ultrastructural aspects betiteeidentified secretory
sites and (4) to evaluate the effects of manipulatiomofitro conditions (light
quality, gelling agents and sucrose concentration) onléhé anatomy ofP.
paniculata Polygala paniculatapresents three secretory sites of essential oils:
trichomes in leaves and stems, cavities in leaves artecaiocells in roots. The
development of trichomes and cavities involves the poad programmed cell
death. Trichomes, cavities and cortical root cells hi#eesecretion composed of
essential oils. The subcellular characteristics efgbcretory structures studied are
similar and are related to the chemical nature of theesen. In thein vitro culture,
the factors evaluated altered the leaf morphoanatdn®;, paniculata Fluorescent
lamp treatments induced the development of seedlings had ahatomical
differentiation similar to that observed in ex situ pganTreatments with sucrose
concentration of 30 g Lin agar in 15 gLl in Phytagel induced increase in leaf
thickness by increasing the cell volume of epidermakgcécunar parenchyma and

reduction of intercellular spaces. The present study ehecidthe structural and
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mechanism of the secretion of essential oil$?inpaniculata The effect of than
vitro conditions on the growth and foliar anatomy of the gsecan appreciate and
subsist to improve in protocols of vitro cultivation of the species.



INTRODUCAO GERAL

A familia Polygalaceae é popularmente reconhecida por apaessspécies
relacionadas a diferentes funcdes medicinais, taisocexpectorante, sedativa e
analgésica (Lorenzi & Mattos, 2002; Lapé al. 2009). Dentro deste contexto,
destaca-sdolygala paniculataespécie nativa, herbacea, conhecida popularmente
como ‘“vicky”, “vassourinha branca”, “barba-de-S&oPedro”, ‘“erva-iodex” ¢
“gelolzinho” em fungdo do aroma canforado facilmente percebido emraimes
(Marques, 1988; Lorenzi & Mattos, 2002).

Relatos populares indicam que o uso topico de extratos aldlioraizes
de P. paniculataé eficaz no tratamento de luxacdes, traumas e acidefiticos
(Lorenzi & Mattos, 2002). Estudos cientificos com extrataglanta tém atestado
atividades terapéuticas de paniculatacitadas na medicina popular e indicado
outras, tais como propriedades tripanocidas (Pizzefatli. 2002), antiinflamatdrias
e antiedematogénicas (Noguedtaal. 2005), analgésicas e antinociceptivas (Lapa
al. 2009). As funcbes medicinais atribuidas ao uso das rdeEsa espécie sao
associadas ao metil salicilato (MeSa), componente rajori(89%) do Oleo
essencial, e que é reconhecido por apresentar propriedadi@slamatorias,
analgésicas, expectorantes e antirreumaticas (Effmbet 2005). Embora, analises
guimicas indiqguem a presenca de Oleos essenciais em @@faspaniculata as
proporcdes de MeSa sao significativamente menores (50%arenaa canforado
destes Orgaos € pouco acentuado (Pizzaatil. 2011; Victorioet al. 2011, Rocha
et al.2012).

Estudos pioneiros com Polygalaceae consideravam estuBsaeretoras
pouco comuns na familia (Solereder, 1908). Entretanto, estudesiges relataram
a ocorréncia de ductos de 6leo (Holm, 1929), cavidades secrébatasis, 1977;
Metcalfe & Chalk, 1989), ductos de mucilagem (Aguiar-Dias & CsweBustavson,
2011) e nectarios (Aguiar-Dias al. 2011) em folhas e caules de espécies do género
Polygala ParaPolygala paniculataa presenca de lipideos foi descrita em células
corticais das raizes e tricomas e cavidades nas fdFasdo et al. 1973). No
entanto, o desenvolvimento dessas estruturas secredocas)posicao quimica e a
dindmica da secrecao nos diferentes érgaos séo incomdietpmentados e pouco

compreendidos.



A exploracédo dé°. paniculata assim como de outras espécies medicinais, €
feita a partir do extrativismo em populagbes naturais puppagacao ocorre pela
disperséo e germinagdo de sementes (Lorenzi & Mattos, .280%ariabilidade
genética obtida a partir da reproducdo sexuada resulta erfdirai com diferentes
caracteristicas de crescimento, rendimento e composip&o Oleos essenciais
(Zuzarteet al. 2010). Com o intento de padronizar e aumentar a produtividade de
compostos bioativos, protocolos efetivos para propagacdo sezuaskexuada de
plantas, sob condicbes ambientais controladas, dewam desenvolvidos,
principalmente por vias biotecnolégicas como a culturtedidos ou propagacéon
vitro (Panizza & Tognoni, 1988; Zuzarg¢ al. 2010).

A propagacdoin vitro, método de propagacdo clonal, € uma técnica
alternativa a producdo de plantas economicamente impEsfanbm vistas a
obtencdo de material vegetal de qualidade e a consergapética das populacdes
naturais (Rao & Ravishankar, 2002). O cultivovitro baseia-se no controle de
diferentes fatores ambientais como a determinacédo do awecultura (Saldanhet
al. 2014) e a qualidade da luz (Batigtaal. 2016). A determinacdo das condicdes
ambientais pode ocasionar diferentes condicbes dessstre interferir no
desenvolvimento morfoanatémico das plantas (Schuergdr 88%), assim como
nos aspectos fisioldgicos das plantas, como as tiexBtossintese e crescimento das
plantas (Saldanhet al. 2014 Batistaet al. 2016), o que pode interferir na sintese de
compostos do metabolismo secundario (Ahnedcl. 2015).

Em sistemas de cultivo fotomixotroficos, tradicionalteemtilizados no
cultivo in vitro, o sistema de lampadas fluorescentes € comumente utjlinado
entanto, o espectro de luz dessas lampadas pode ser émtafiggara o
desenvolvimento das plantas (Gupta e Jatohu, 2003). A saéafosgecida como
fonte de carboidrato para sustentar o crescimento e degemmoio das plantas,
uma vez que a concentracdo de,CGfentro dos frascos de cultura é reduzida,
limitando a capacidade fotossintética das plantas (K2@aD; Xiaoet al. 2011). O
fornecimento de acucar em sistemas fotomixotréficosugddmental para a
morfogénese das plantas, sendo que quantidade requerida dutesemnwolvimento
in vitro pode variar entre as espécies. A disponibilidade dos aXlapresentar forte
correlagdo com o meio de cultura utilizado, uma vez queamsltcagdo dos
nutrientes pode ser alterada de acordo com o meio deecuitilizado afetando,

assim, o desenvolvimento das plantas.



Estudos voltados a compreensdo do efeitos da condigdgso sobre as
caracteristicas morfoanatémicas e ultraestruturaisspcies medicinais ou de valor
comercial ainda sao incipientes, mas de modo geratandalteracdes significativas
na area foliar (Cha-Urat al. 2011); na espessura do mesofilo e na area dos espacos
intercelulares (Ferriget al. 1996; alteracdo no volume e formato das células do
mesofilo (laremaet al. 2012); modificagdo no arranjo dos tilacoides e grana dos
cloroplastos (Saldantet al.2014).

Dessa maneira, 0 presente estudo teve como objetivdefit)ficar e analisar
o desenvolvimento de sitios secretores de Oleos essef®)ianvestigar os aspectos
subcelulares e mecanismos de sintese, acumulo e libedgasecrecdo; (3)
Comparar os aspectos ultraestruturais entre os siéoetores identificados (4)
avaliar os efeitos da manipulacédo de condigdegtro (qualidade da luz, agentes
geleificantes e concentracdo de sacarose) sobrecaraadbliar deP. paniculata

O presente trabalho foi constituido por dois capitulosi@®epo capitulo,
intitulado como“Duck head-like trichome and other essential oil symshates, foi
redigido de acordo com as normas da revista Plant Bio@gegundo capitulo, por

sua vez, intitulad6Efeito da qualidade da luz, agentes geleificantes e sacarose n
crescimentan vitro e morfoanatomia foliar deolygala paniculatg, foi redigido de

acordo com as normas da revistavitro Cellular & Developmental Biology Plant



REFERENCIAS BIBLIOGRAFICAS

Aguiar-Dias ACA, Cardoso-Gustavson P. 2011. Ontogeny of the agecducts of
Polygala angulataDC. (Polygalaceae). Botanical Journal of the Linneane®pci
138: 255-261.

Aguiar-Dias ACA, Yamamoto K, Castro MM. 2011. Stipularraruptial nectaries
new toPolygalal.: morphology and ontogeny. Botanical Journal of the Linnea
Society 166: 40-50.

Ahmad N, Rab A, Ahmad N. 2015. Light-induced biochemical variations in
secondary metabolites production and antioxidant activityaliug cultures of
Stevia rebaudianéBert.). Journal of Photochemistry and Photobiology 1:23.

Cha-Um S, Chanseetis C, Chintakovid W, Pichakum A, Sujpebana K. 2011.
Promoting root induction and growth ah vitro macadamia Nlacadamia
tetraphyllaL. ‘Keaau’) plantlets using CO,-enriched photoautotrophic conditions.
Plant Cell, Tissue and Organ Culture, 106, 435-444.

Effmert U, Saschenbrecker S, Ross J, Negre FCM, Fi&dbudareva N, Piechulla
B. 2005. Floral benzenoid carboxyl methyltransferases: inowitro to in plant
function. Phytochemistry 66: 1211-1230.

Falcdo WFA, Alencastro FMMR, Correia IL. 1973. Notas sobr anatomia e
morfologia da espécifolygala paniculataL. Arquivos do Jardim Boténico do
Rio de Janeiro 19: 281-294.

Ferris R, Nijs |, Behaeghe T, Impens I. 1996. Elevated &@d temperature have
different effects on leaf anatomy of perennial ryegnasspring and summer.
Annals of Botany 78: 489-497.

Gupta SD, Jatothu B (2013) Fundamentals and applications bfeligitting diodes
(LEDs) inin vitro plant growth and morphogenesis. Plant BioteohgpReports
7:211-220.

Holm T. 1929. Morphology of north american speciePalfygala Botanical Gazette
88: 167-185.



Lapa FR, Gadoti VM, Missau FC, Pizzolatti MG, Marques MCir®4AL, Farina M,
Rodrigues ALS, Santos ARS. 2009. Antinociceptive properties ledf t
hydroalcoholic extract and the flavonoid rutin obtainetbnfPolygala
paniculatalL. in mice. Basic & Clinical Pharmacology & Toxicologyp4: 306-
315.

Lorenzi H, Matos FJA. 2002. Plantas Medicinais do Braallivas e exoticas. Nova
Odessa, Sao Paulo: InstittRtantarum 386p.

Marques, MCM. 1988. Poligalas do Brasil V. Seddolygala (Polygalaceae)
Arguivos do Jardim Botéanico do Rio de Janeiro 29: 1-114.

Metcalfe CR, Chalk L. 1989. Anatomy of the dicotyledons. 2. \aal.,1l. Oxford:
Claredon Press. 279p.

Nogueira FLP, Fernandes SOB, Reis GM, Matheus ME, Feradride Lage CLS,
Menezes FS. 2005. Atividade analgésica e antiedematogéeicBolygala
paniculata L. (Polygalaceae) selvagem e obtida por micropropagacéaistk

Brasileira de Farmacognosia 154: 310-315.

Panizza M, Tognoni F. 1988. Clonal propagation, callus djion and plant

regeneration of lavandin. Scientia Horticult&? 157-163.

Pizzolatti MG, Koga AH, Grisar EC, Steindel M. 2002. Trypadal activity of
extracts from brazilian atlantic rain forest plapesies. Phytomedicine 9: 422-
426.

Pizzolatti MG, Mendes BG, Soldi C, Missau FC, Bortoludidi Carasek E. 2011.
Analysis of volatile compounds released from flowers andsradtPolygala
cyparissiasand Polygala paniculataby Headspace/SPME. Journal Essential Oil
Research 21: 255-258.

Rao SR, Ravishankar GA. 2002. Plant cell cultures: chemictdrfas of secondary
metabolites. Biotechnology Advances 20: 101-153.

Rocha JLC, Pastore JFB, Branddo HN, Azeredo A, David JRo$SEO, David JM.
2012. Quantificacdo de salicilato de metila em quatro géner@&@olggalaceae,
por CLAE-DAD. Quimica Nova 35: 2263-2266.



Sabnis, TS. 1977. The physiological anatomy of the plahtge indian desert.
Journal of the Indian Botanical Society 1: 65-83.

Saldanha CW, Otoni CG, Rocha DI, Cavatte PC, Detmann K&&Ka FAO, Dias
LL, DaMatta FM, Otoni WC. 2014. Cfenriched atmosphere and supporting
material impact the growth, morphophysiology and ultrastraadfiin vitro. Plant
Cell, Tissue and Organ Culture 1B3-99.

Solereder H. 1908. Systematic anatomy of dicotyledonse@an Presse, Oxford,
UK.

Victério CP, Carrico JB, Lage CLS. 201Rolygala paniculataa source of methyl
salicylate produced through plant tissue culture. RevistasGe: 269-272.

Zuzarte MR, Dinis AM, Cavaleiro C, Salgueiro LR, Canhdth 2010. Trichomes,
essential oils andn vitro propagation ofLavandula pedunculatélLamiaceae).
Industrial Crops and Products 32: 580-587.



CAPITULO |

DUCK HEAD-LIKE TRICHOME AND OTHER SECRETORY SITES OF
ESSENTIAL OILS IN Polygala paniculata L.

ABSTRACT: Polygala paniculata.. (Polygalaceae) has minty smell roots used in
folk medicine. Although the presence of essential oils been reported for this
species, the sites of synthesis these compounds are paddystood, as well as the
synthesis mechanism and releasinghefsecretion produced. This study aimed (1) to
identify secretory sites of essential oils in vegetatorgans (2) to analyze the
development and ultrastructural aspects of secretory diteisg the process of
synthesis, accumulation and release of secretion(3niw compare the subcellular
structure of the sites that accumulate essentiatooitletermine the dynamics of
synthesis and the accumulation in the vegetative orgfatte plant. Samples of the
shoot apical meristem, leaves at different developmestegjes and primary and
secondary roots were processed using standard techniqueshfoarid electron
microscopy. Polygala paniculatapresents three secretory sites of essential oils:
trichomes in leaves and stems, cavities in leaves arte¢caiocells in roots. The
trichomes are unicellular and have a lateral projectidrereby the secretion is
released. The development of the cavities is lysigenduse roots present
parenchyma cells in the cortex, originating from the dgtiof the pericycle, and
parenchyma cells of the secondary phloem as sites dfesyatof essential oils. The
development of trichomes, cavities and roots secretory gedluded programmed
cell death. Trichomes, cavities and roots present the dmligdic secretion,
characterized as essential oils. Typical subcelle@arures of the secretory structures
were detected irP. paniculataand all organelles are correlated with a chemical
nature of secretion. Mitochondria, rough endoplasmic uketi, ribosomes,
dictiossomes, plastids with oil droplets, vesicled aihdroplets in the cytoplasm are
present in trichomes and cavities. Root cortical cellsgarethe same organelles with
the exception of plastids. Although these secretory strest have chemical
composition and similar ultraestructural aspects, the aedlygtructures show

particularities regarding the mechanisms of syntheglselease of secretion.

Keywords: ontogeny, terpenoids, secretory trichomes, secretorytiegviresin,

methyl salicylate



INTRODUCTION

Medicinal plants are source of important natural clafsiusually found in
specialized secretory structures such as idioblastsjfdagic ducts, cavities and
trichomes, (Fahn 1979, Evert 2006), but may occur in cells commaiifferent
tissues.Polygala L. (Polygalaceae), a genus with wide distribution espigcia
Neotropical regions, is composed of ~350 species of herbs anssgPersson 2001;
Marques 1988). Many of these species are used in traditioedicine because of
the biological activities such as expectorant, analgasd sedative (Lorenzi &
Mattos 2002). Despite the medicinal properties relatedPadygalg secretory
structures were considered unusual in this genus (Solereder 1968kver,
subsequent studiasdicate the occurrence of secretory cavities (Fa&tdal. 1973;
Metcalfe & Chalk 1957), ducts (Aguiar-Dias & Cardoso-Gustav0il) and
secretory trichomes (Falc&@ al1973) in different species of this genus.

Polygala paniculatas a medicinal herb widely distributeal all the regions
of Brazil (Marques 1988; Coelhet al. 2008). Its alcoholic root extracts roots are
used topically for traditional populations in the treatmehdislocations, muscle
injuries and snake accidents (LorenziMattos 2002). The medicinal properties of
the roots are related to its essentials oils (Matos 2006hadet al. 2012), being the
methyl salycilate (MeSa) the major component of of tws secretion (Rochet al.
2012). The MeSa is known to have anti-inflammatory, analgasiérheumatic and
expectorants (Effmeret al. 2005; Nogueiraet al. 2005), medicinal properties
observed irP. paniculata(Pizzolattiet al. 2002; Nogueireet al. 2005; Lapaet al.
2011). Although only the roots are used in popular medicine, steucind
histochemical aspects of the roots are restricted whortezpthe presence of lipid
droplets in parenchyma cells (Falcébal. 1973). However, information about the
presence of specialized secretory cells or structures, atation and release of
secretion in the roots are still missing.

Trichomes, in the leaves and shoots, and cavitiegiictest to the leaves,
were reportedn P. paniculataFalcdoet al. (1973). However, the information on
these structures is controversial in the literatute ffichomes are classified as non-
secreting trichomes (Metcalfe and Chalk 1989; Aguiar-Btaa. 2012) or secreting
trichomes (Falcacet al. 1973). In addition, the occurrence of cavity of lysogenic

origin in leaves were reported (Aguiar-Dias al. 2012). The confirmation of this



type of trichome (Souzat al.2013) and the origin and of secretory cavities (Paiva e
Machado, 2007) and the pattern of secretion (Fernaetled. 2016) depens on
developmental and ultrastructural study of these strugtuaad histochemical
analysis of secretion.

Due to the incomplete and fragmented information abouthmical nature
and formation of the secretory structure®inpaniculata the aim of this study was
(1) to identify secretory sites of essential oils in Yafiee organs (2) to analyze the
development and ultrastructural aspects of the secretesy during the process of
synthesis, accumulation and release of secretion 3nob (compare the subcellular
structure of the sites that accumulate essential oil termene the dynamics of the
synthesis and the accumulation and, or release weilpetative organs of the plant.

MATERIAL AND METHODS
Plant material

Plants 20-40 cm tall were collected at the Reserva Fédrgktta do Paraiso
(RFMP), Vicosa Municipality 20°48°01°°S e 42°51°51°’W), state of Minas Gerais,
Brazil. They were transplanted to plastic pots containing soil from thléection
area, kept at the greenhouse of the Botanical GardeheoDepartment of Plant
Biology of Universidade Federal de Vicosa (UFV) , and usednatomical and
ultrastructutal characterization, and histochemicalstestoucher material was
deposited at the herbarium of the UFV (VIC-21.445). The madteised was
identified by José Floriano Pastore from the Universidaddefal de Feira de

Santana, Bahia, Brazil.

Light microscopy
Anatomical analysis

Samples of shoot apical meristem, leaves and rootectedl at different
developmental stages, were fixed in FAAformaldehyde, glacial acid acetic,
ethanol 50%, 1:1:0)8kept vacuum for 24 h and stored in ethanol 70% (Johansen
1940), posteriorly, dehydrated through ethanolic series andbeddad in



methacrylate resin (Historesin, Leica). Cross andiladgal sections (5 pm thick)
were made using a rotary microtome (RM2155, Leica Microsyst@c., Deerfield,
EUA), stained with toluidine blue 0,05% (pH 4.4)’Brien and McCully 1964) and
mounted in synthetic mounting resin (Permount, Fish@m8fic, Pittsburgh, EUA).
The observation of cavities distribution in the leblade was perfomed by

diaphanisations (Johansen 1940).
Histochemcal analysis

The main classes of compounds in the secreted matemial investigated in
fresh or fixed samples. Samples of fresh materialewsactioned using a table
microtome (LPC model; Rolemberg and Bhering Trade and ImpoBA, TBelo
Horizonte, Brazil) and submitted to the following tests: SuldaiiBrundrett et al.
1991) for detection of lipids; NADI reagent (David @arde 1964) for essential oils
and resins; ferric trichloride (Johansen 1940) for phencdimpounds; vanillin-
hydrochloric acid (Mace & Howell 1974) for tannins; Dittmar reag@mirr &
Mahlberg, 1981) for alkaloids and red Ruthenium (Johansen, 194Q)eftins.
Fixed samples were included in methacrylate resin, setion rotary microtome
and submitted the following histochemical tests: PAS rea@éoiManus 1948) for
total polysaccharides and xylidine Ponceau (Vidal 1970) for protéastrol
samples were simultaneously carried out according to théispgons for each test.
For each procedure slides without any treatment (blamkesle also mounted.
Observations and image documentation were performed withha rigcroscope
(Model AX70TRF, Olympus Optical) equipped with a digital caan€U-photo

system).

Electron microscopy
Scanning electron microscopy (SEM)

For micromorphological analysis, samples of stemapiceristem, leaves
and roots were fixed in FA# for 48 h, dehydrated in ethaioteries, and subjected
to critical point dried using CO(CPD 030, Bal-Tec, Balzers, Liechtenstein). The
samples were fixed on aluminum stubs and coated with gold (FDUB&1{,ec,

Balzers). The analysis and image captures were perfonrtiech scanning electron

10



microscope LEO 1430 VP (Zeiss, Cambridge, UK) at the CentéMifroscopy and
Microanalysis (NMM) at (UFV), Minas Gerais, Brazil.

Transmission electron microscopy (TEM)

For transmission electron microscopy, samples oftslapical meristem,
leaves different developmental stages and primary armhdary roots (1 mfjwere
fixed in Karnovsky (Karnovscky 1965) for 24 h and post-fixed wli#fa osmium
tetroxide in 1M cacodylate buffer for 2 hours at roemperature and rinsed in the
same buffer for three times (10 min each). The comtigatiock was performed with
0.5% uranyl acetate for 12 h. The samples were dehydratedgthran acetone
series, and embedded in Spurr epoxy resin (Spurr, Sigma-Al&aaft, Louis, EUA)
(Roland 1978). Ultrathin sections (60-70-nm thick) were cut uglags knives and
an ultramicrotome (UC6, Leica Microsystems Inc., DeeatfidUA). The samples
were stained with uranyl acetate (Watson 1958) and leadecitiRaetynolds 1963).
Analyses and photography were performed using a Tecnai G2 - Gbifips/FEI
Company, Eindhoven, Holanda) at NMM (UFV) and a TecraP-20-FEI 2006 at
Center for Microscopy of the Universidade Federal MiGesiais (CM-UFMG),

Minas Gerais, Braki

RESULTS

There are secretory sites were foundPirpaniculatatrichomes the leaf blade
and stem surfac@igs. 1, 2 and 7), cavities in the leaves (Figs. 3, @ Anand

secretory cells int he roots (Figs. 5, 6 and 7).

Ontogeny and ultrastructure of the secretory trichomes of esseiat oils

The trichomes present in leaves and stems presentathe sntogenetic,
anatomical, ultraestructural and histochemical aspestsdescribed below. The
differentiation of trichomes is precocious and occuarshe leaf primordia, on both
adaxial and abaxial surfaces, and stem portions near frershthot meristem (Fig.
1A). Some protodermal cells undergo an antalglivision and one of the daughter

cells will result in the trichome initial (Fig. 1B). Thinitial cell keeps conspicuous
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nucleus and nucleoli, with the presence of small vacuotea cell apex (Figs. 1B
1C). The vacuole swells slightly during the radial expansio the trichome
development (Fig. 1C). In the next phase it is possthlgbserve the beginning of a
lateral curvaturan the middle portion, differentiated thickening of the wallthe
most distal portion of this cell and numerous vacuolgs (D). This cell increases
its volume, lengthens and the apical portion becogi@soid and bulkier (Fig. 1E).
A portion of the trichome region protrudes laterally forgna narrow 90 degree
angle beak from the trichome basal region (Fig. 1Ee &kpansion of the middle
region of the trichome is complete only with the esaknce of small vacuoles that
turn into a large central vacuole, which sticks to aaveed and lateralized apex. The
fully differentiated trichome acquires "duck head" shamenprising a single cell
with distinct regions: a foot region, inserted among theropimotodermal cells, a
stalk (elongated) region that resembles a neck, a heazhrggiilar to the globular
head and a lateral projection of the globular head relsegra duck’s beak (Figs. 1E,
1G). The wall of the lateral projection most distal mortof the presents greater
pecto-cellulosic thickening (Fig 1E). The secretion is sddafrom the trichomes
apexlateral projection (Figs. 1H, 11), as evidenced by thegmas of secretion (Fig.
1H) and cell wall and cuticle rupture in this region (Fig. AYith the release of the
secretion the trichomes gradually lose their contemgt () as a wilting process, and
are curved on the leaf surface. (Figs. 1F, 1l, 1J). tlibbome cell wall remains

intact, with the exception of the cell wall in the latigsrojection region (Figs. 11, J).
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Figure 1. Secretory trichomes development Bblygala paniculatashoots under
light microscopy (A-F) and scanning electron microscopyJYGA. Shoot apical
meristem with secretgitrichomes at different developmahstagesB. Initial cell of
secretory trichome with dense cytoplasin.Initial cell of secretory trichome with a
distal small vacuoleD. Expansion and initiation of the trichome lateral ctmve.
Note the thickening of the wall in the most distal portiomhef lateral projection and
the numerous vacuole€. Mature trichome with a a single large vacuofe.
Senescent trichomeG. Mature trichome.H. Release of secretion through the
trichome head lateral projection. Note the rupturehef ¢ell wall and cuticlel.
Decreased trichome during the process of secretion eeldasSenescent and
withered trichome in final stage of the secretionasdée Arrows indicate secretion.
fr, foot region; hr, head region; Ip: lateral projectiorited head; nu, nucleus; sr, stalk
region; va, vacuole. Bars: 10 um (B-H, J-P), 50 um (A), 20qIu

The trichome initial cell presents secretory chariastierevidences of these
glands such as a dense cytoplasm with free ribosqutestids and small vacuoles.
(Fig. 2A). Oil droplets are observed in the cytoplasig.(2A), in small vacuoles
(Figs. 2A, 2B) and in periplasmic spaces (Fig. 2C). Thallsmacuoles with oil
droplets begin to coalesce (Fig. 2B). The plastids pregeariular content, are
polymorphic with a granular substance and ribosomes, bhowh thylakoids and

internal membrane system (Fig. 2C). Neighboring epidemedit also have oil
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droplets in vesicles, but plasmodesmata were not obsefRigd 2D). In the next
phase, the fusion of small vacuoles gives rise toge laacuole where secretion is
accumulated (Fig. 2E, 2F). The secretion is heterogeneougosed of granullar

substance and oil droplets (Fig. 2F).

Figure 2. Development and secretory activity Bblygala paniculatarichomes.A.
Initial phase of the development and secretory actwitthe trichome. Oil droplet
(white arrows) in the periplasmtic spad#. Fusion of the small vacuoles with oil
droplets (black arrows). Dense cytoplasm with ribosomahgjes.C. Secretion
Accumulation in periplasmic spade. Neighboring cells (*) have vacuoles with oil.
E. Peripheral cytoplam and expansion of vacubleDetail of vacuoles fusion and
discharge of the secretion into the expanding vacwolecuticle, cw: cell wall, it:
trichome initial cell; od: oil droplet; ps: periplasmatic sgaou: nucleous; pl:
plastids; ri: ribosomes; va: vacuole. Bars: A: 5 um; B: 0/ @.F: 1 um; D: 2 um
E:3um.

In mature trichomes, the secretory process is finalizkd, secretion is
accumulated in the vacuole and begins to be releaseaf the cell (Fig. 3A). The
cuticle extends uniformly throughout the trichome walls inphaldses, without the

formation of subcuticular spaces; the trichomes exhilgeripheral dense cytoplasm
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and a central vacuole with homogeneous secretion 3Ap. which indicates that
the oil droplets coalesce with a secretion preseritiwihe vacuole constituting a
homogeneous secretion. The peripheral cytoplasm is deaseresent mitochondria,
free ribosomes, dictyosomes and endoplasmic reticuliigs. 3B, 3C). In the final
phase of secretion release, the trichome is senestehwithered; with cellular
machinery highly altered (Fig. 3D). At this stage its obsertiedlidss of cytoplasm
integrity, characterized by the degradation and vesiculation opagm and vacuole
(Figs. 3D, 3E). Changes were not observed in the trieso(Rigs. 3A, 3E), but
ultraestructural aspects of the cell wall of the apexdatgojection and the release

of secretion out of the cell were not observed.

Figure 3. Mature and withered trichomes Bblygala paniculatatrichomes. A-C:
Mature trichomes. D-H: Withered trichomes. Mature trichomes with peripheral
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cytoplasm and a central vacuole with homogenous secreBicC. Begining of
deterioration of organell®. Senescent trichome. cw: cell wall, dicgpsomes; er:
endoplasmic reticulum; od: oil droplet, mi: mitochondria; mbosomes; se:
secretion; va: vacuole; ve: vesicles. Bars: A: 5 um; Buon5C: 0.25 pm; E: 1 pm.

Structure and ultrastruture of essential oil secreting cavities

Secretory cavities occur just in leavesPofpaniculata its differentiation was
delayed compared to differentiation trichomes and octrore ground meristem
cells (Fig. 4A). Twoto-three cells of the ground meristem exhibited a compact
arrangement, very thin walls, dense cytoplasm, voluminowsleus with
conspicuous nucleolus and located between the procamtkaabst(Fig. 4A, 4B
4C). One by one, these initial cells degrade and form # serdral space or lumen
surrounded by a secretory epithelium with undefined cedirta{fig. 4B, 4C). Thus,
the lumen increases with the gradual incorporation and degmadait epithelial
secretory cells, until complete expansion and diffeation of leaves (Fig. 4D, 4E
4F). Epithelial cells became vacuolated, more bulky amsgmt the pheripheral
cytoplasm with numorous plastids (Fig. 4E). In leaf viehe cavities distribution
within the areolas can be observed, maintaining conmectidh the terminal

vascular bundles (Fig. 4@H).
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Figure 4. Secretory cavities development of tRelygala paniculatdeaves under
light microscopy (A-E, G-H) and scanning electron microsodpy A-F, transversal
sections. G-H, paradermal sections. A. Initial cells tified by voluminous nucleus,
dense cytoplasm..B. Cell degradation and beginning of cavity lumen formation

Gradual and continuous degradation and incomporation of itlelkd cells of the

cavity and enlargement of the lumen of the cavity. BM&ture secretory cavity
Note that the cavity does not have a well-defined epithialjar. G. Association of
cavities with the vascular system. Black arrows: paytidisintegrated walls; white
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arrows protoplast retractiongm: ground meristem; ic: initial cells; lu: lumen; pd,
protoderm; pc, procambium. Bars: A-G: 50 um; H: 100 pm.

The secretory process and the cavity lumen formaticcurs through a
mechanism that involves the secretion synthesis anacellular accumulation, cell
death and secretion release (Fig. 5). This process iggous, one by one, these
initial cells, at different developmental stages, ibdithe secretion process, degrade
and are incorporated into the secretion accumulatedhiettumen in formationThe
ultrastructural aspects of the cavities show that nit&li cells are juxtaposed, have
dense cytoplasm and plastids with starch grains (Fig. BAg¢ lumen formation
begins with the degradation of cavity initial cell of {{kég. 5B). Droplets of oil and
granular substance are observed into vacuole (Fig. Sl%. i@ the process of initial
secretion are bulky and have a thin cell wall, dense cytoplaolymorphic plastids
with dense stroma and accumulated starch grains; lag®iole with oll
accumulation and granular and fibrillar secretion (Fid). As development
proceeds, these cells have thin walls, dense peripheraplagin, plastids and
increased vacuoma (Fig. 5SHhe central vacuole compresses the dense cytoplasm to
the periphery and accumulates heterogeneous secratimposed by granular
substance and oil droplets of different sizes (Fig.. B#gstids are numerous, large
and polymorphic, exhibit developed inner membrane system, ritzsgranules,
and accumulate starch grains and lipid material (Fig. BR¢se cells are connected
by plasmodesmata (Fig. 5F). In the final stage of theetearprocess, there is a
marked presence of plastids with numerous oil droplet#pplast retraction and
formation of periplasmic spaces as a result of theuraalation of granular
appearance secretions and oil droplets (Fig. 5H, 5G). Dropis fodbm the secretory
process of other cells are observed in the lumen imdton. The peripheral
cytoplasm presents mitochondria, rough endoplasmic heticuvacuoles, plastids
and oil droplets (Fig. 5H). Mitochondria with conspicuousstae and rough
endoplasmic reticulum are scattered throughout theplagm (Fig 5H). After
secretion synthesis, secretory cells show signs ofleath (Fig. 51), evidenced by
cytosol disintegration, plastid degradation, accumuiatid cellular debris and
electron-opaque substances dispersed by the cell (Figriglmitochondria of these

cells and neighboring cells are intact (Fig. 5K). Ate¢ne of the process of secretion
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synthesis, the release of secretion occurs fromupture of the cell wall and the
membranes of each cell, such that its contents achalged into the lumen,
incorporated into the secretion, contributing to the meeeof cavity lumen (Fig. bl
The mature cavities present undefined epithelium with hightueiated cells, with
parietal cytoplasm and oil-containing plastids, surroundimg lumen where the
secretion is accumulated (Fig. 5L).
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Figure 5. Ultrastructure of the essential oil-secreting caintyolygala paniculata

A. Central cavity cell initial in cell death process (wtlsterisk) Note that the
neighboring cells have integrity of the cellular contdhC. Detail of the cavity
initial cell. B. Cell wall degradation of the (white arrovg}. Cytoplasm, plasmalem
and tonoplast degradatioD. Initial cell in secretory stage. Note the accumulatbn
starch grains into plastidg. Secretory cell in advanced stage of secretory process.
Note the consumption of starch grains and concomitantmadation of oil droplets
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in the plastidsF. Detail of the plastids showing the oil droplets afabmodesmata
connecting secretory cell§&. Cavity secretory cell in the final stage of secretory
process. Note the secretion accumulatetb ithe vacuole, periplasmic and
intercellular spaces (black asterisk); Cell spacing (blackwgr H. Cytoplasmic
organelles starting to show signs of degradation. NotdoS® of integrity of the
endoplasmic reticulum. Secretory cells degradation. Note the degradation of the
cytoplasm and cell remnants (arrows) and the secretiank(lalsterisk) accumulated
into the vacuole rad at the periplasmic space, whicis formed due to the
accumulation of secretionl. Plastids degradation and presence of the electron-
opaque globulesk. Mitochondria remains intact. Lumen of mature cavity with
granular secretion (black asterisk) and essential dropletessential oil droplets; is:
intercellular space; Ilu: lumen; mi: mitochondria; pm: pladesmata. pl: plastids; ps:
periplasmic space; sg: starch grain; va: vacusdes: A D-E, H-I, L: 5 um B-C, G
J:lpm K: 0.5 pm.

Structure and ultrastructure of essential oil-secreting roots

The P. paniculata root in primary structure show uniseepigermis, cortex
with one to two layers of bulky parenchyma cells with tinalls and vascular
cylinder diarch. Caspary's striae of the endoderm are mvidéhe roots have
ephemeral primary growth, therefore, there is very dadg of the epidermis and
cortical region and not secretory cells at this stagdegélopment. The roots present
ephemeral primary growth, therefore, there is very eladg of the epidermis and
cortical region and not secretory cells at this devetamah stage. The secondary
growth begins with the vascular cambium activity, whichm xylem and phloem.
Concomitantly, the pericycle proliferates and formgesal layers of cells externally
to the secondary phloem. The outermost layer formed dopehicycle begins to act
as a phellogen, and the inner layers differentiate intengayma cells. The periderm

is composed of the phellogen and two to three outer lafgrsellem.
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Figure 6. Anatomy of the root olPolygala paniculataA-B. Root in primary growth
C-F. Root in secondary growtA-B. Diarch root Note in A, only the presence of
protoxilema and in B, the presence of proto and metaxy@b. Beginning of
secondary growth and discard of the cortical regio#.. Root in secondary growth
with periderm. Note bluish cells (secretory cells) in tbgion between the periderm
and secondary phloem. co: cortex; ed: endoderep: epiderns; ps: secondary
phloem; px: protoxkem; pe: pericgle; ph: felogénio; pp: protoploem; sx: secondary
xylem Bars: A-D: 30 um; E-F: 50 pm.

The secretory cells present a dense cytoplasm and sroathlea (Fig. 6A).

The cytoplasm of these cells is rich in ribosomessemts mitochondria, rough

22



endoplasmic reticulum and vacuoles of varying sizes dispgeby the cytoplasm
(Fig. 6B). Vesicles with lipid content are observed tive cytoplasm and its
membrane fuses to the tonoplast membrane dischargingcitstisa inside the
vacuole (Fig. 6C), forming a large vacuole with accunmteof lipid dropletsIn the
secretion process final stage begins degradation of meen{fan 6D.

Figure 7. Ultrastructure ofessential oil secretory roots d¢folygala paniculataA.
General appearance of the secretory cells in the corsterigk) B. Detail of the
secretor endoplasmic reticulur®. Vacuole with accumulation of secretion. The
fusion between the membranes are indicated by black arroBedetory cell with a
large vacuole with accumulation of secretion. Signs ceflular degradation
evidenced by the rupture of the membrane are indicated bg aw. co: cortex;
er: endoplasmic reticulum; ep: epidermis; is: intercellgjaace; mi: mitochondria;
od: essential oil dropletph: phloemri: ribosomes; va: vacuole; xy: xylem. Bars: A
2um B.C: 0.5 um; D: 2 pm.

Essential oil in trichomes, cavities and root cells

The histochemical tests revedlthat the trichomes, cavities and root cells
present lipidic secretion, composed by essential odsrasins (Fig. 8). Trichomes
are translucent on fresh leaves and stems (FAY. 8he Ruthenium red reagent
reveaéd Pectic thickening of the most distal cell wall of duckeak (Fig. 8).
When treated with sudan IV, a lipid secretion is evidenadchome as red drops
(Fig. 8C) The NADI reagent reveals oleoresin the trichome, ateid by the blue-
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purple color (Fig. 8D). Cavities of fresh leaves, not tetatéh any reagent or dye,
present translucent oily secretion (Fig. 8E). In cavithes secretion to the cavities
have lipid nature, as indicated by the red color with sudfa(Fig. 8F), and oleoresin
predominate, as indicated by the blue-purple color with thBINAagent (Fig. 8G).
In sections of fresh roots, not treated with any reagedye, was not observed drops
oil as in trichomes and cavities (Fig. 8H), but whenta@avith sudan IV, a lipid
secretion is evidenced the red color with sudan IV as ra@gisdn cortex cells (Fig.
8l), and essential oils predominate, as indicated by NAapent, reveals in the
some root cortical cells, indicated by the blue color (B#). Alkaloids, phenolics,
tannins, polysaccharides and proteins were not detectecthiortres and cavities,

neither in cortical cells of the root.

Figure 8. Trichomes (A-D), cavities (E-G) and roots ce(ld-J) of Polygala
paniculata submitted to histochemical tests. A, E, H. Untreated sextidh
Ruthenium red; rose color indicates pectins (arrows),Q, Sudan IV; red color
indicates lipids. D, G, J. NADI reagent; blue color indicgredominance of the
essential oil (*) and blue-purple indicates the presefcesins Bars: A-D: 20 um;
E, G: 100 pm; F: 50 pm; H, I: 70 pm; J: 40 pm.
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DISCUSSION
Essential oils sites inPolygala paniculata

Polygala paniculatapresents trichomes on leaves and stems, cavitidgein t
leaves and root cortex cells as sites of synthesisaecwimulation of essential oils.
Studies on the development, ultrastructure and histoctrgnod cells and the
specialized secretory structures Bf paniculata provide information about the
mechanisms of hydrophobic substances secretion.

Unicelullar secretory trichomes

The trichomes ofP. paniculatawere reported as glandular (Falcéb al.
1973) and non-secretory unicellular trichomes related ttegies of defense in arid
conditions (Aguiar-Dia®t al. 2012). The correct definition of secretory trichomes is
based on its meristematic origin, location, type eafretion and ecological function
of the secretory structure (Fahn 1979; Evert 2006).PInpaniculata early
differentiation of protodermal cells, differentiation the shoot apical meristem
anatomical characteristics and presence of secretiofirm the secretory nature of
unicellular trichomes in leaves and stem. It is importemtnote that early
differentiation, accumulation of chemical compountdggh density of secreting
trichomes in leaf and shoot primordia and low densitgxpanded leaves and stems
suggest that these glands work in chemical protection duarly @evelopment of
these organs (Wagnet al.2004; Maffei 2010; Lange & Turner 2013).

Secretory trichomes are considered as recently evolvedttistes, with
phylogenetic origin from non-secreting trichomes (Fahn 13&8ge & Turner
2013). Although they may be multicellular or unicellular (Werk@®0; Evert 2006)
the unicellular secretory trichomes are uncommon, havingh beported in
Nissaceae (Asteridae) (Liu 2004amily phylogenetically distant from Polygalaceae
(Magnoliidae) (APG IlIl 2009)Multicellular secretory trichomes are widely present
in different species, usually composed of regions: foot, péeluaad head
(Bosabalidis 1990; Werker 2000), and each region can be tcovedtby a single cell
or by a group of specialized cells involved in the procesgrihssis and release of
secretion (Werkeet al. 1993 Machadoet al. 2006; Ventrella & Marinho 2008). The
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P. paniculatatrichomes are unicellular, but have three distinctorgidentified in
this study as foot, peduncle and head, which present ultrastaldifferences.

In differentiated trichomes, the foot and neck regioesg@nt dense cytoplasm
and nucleus and nucleolus are visualized in the basabpart the cell, while the
head region, at the cell apex presents plastids andnataie secretion in a large
central vacuole, which indicates compartmentalizatioth@ secretory process along
the trichome and the high metabolism, typical of teeretory structures (Paiva &
Martins 2011; Marinhoet al 2016) and suggest that unicellular trichomes are
functionally equivalent to multicellular trichomes.

The duck head like appearanceRofpaniculatatrichomes, reported for the
first time in this study, is a marked morphological cheegstic for the species, but
was also reported in other species Rilygala (Aguiar-Dias et al. 2012) and
Salomonia (Piwpuan & Thammathaworn 2007), phylogenetically related genus
which may represent a taxonomic marker for the familydgaddceaeThe lateral
projection of the trichome apical region was interpaeds apical-lateral extension of
the cuticle (Falcaet al. 1973 or lateral extension of the apex (Aguiar-Detsal.
2012). However, the ontogenetic analysis of the trichonaged out in the present
study, shows that during its development occurs the latewraature of the cell
culminating in a projection of vacuoles, cytoplasm, cell @ad cuticle, resembling
a duck's beak.

The formation of lateral projection is concomitant eéxretion synthesis and
accumulation. The trichome development images, ardlpgel M and SEM, show
that the secretion is released through rupture of thenadlland the cuticle of the
lateral cell projection. Cell wall ultrastructural inghiegion were not observed, but
the histochemical analysis with the red Ruthenium revdad pectic nature of the
cell wall thickening at that point. The increase of thetipematrix in this region
makes arrangement of the cellulose microfibrils locessi increases its porosity
(Willats et al. 2001), which suggests that the cell wall is more fragile andeasier
could break with the secretion passage. The presenceougfh rendoplasmic
reticulum, vesicles and vacuoles in the cytoplasm sugtestpectinases and other
enzymes may be involved in the degradation or disorganizatioell wall cellulose
microfibrils in this region (Machadet al. 2006; Rodriguegt al. 2011; Possoborat
al. 2015) and contributes to the increase the cell peatheability.
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Polygala paniculatatrichomes are sites of synthesis and accumulation o
essential oils in leaves and stems, as detected by ispistochemical tests. The
amount of mitochondria with visible ridges, smooth and rowgtdoplasmic
reticulum, polyribosomes, dichthosomes and vesiclés secretion confirm the high
activity during the secretory phase (Luttge 1971; Ascensaai& F988; 1997). In
addition, the presence of these organells suggests itfiweilvement in terpenes
synthesis and transport (Ascensgtoal. 1997; Ascensdo & Pais 1988), as reported
for various secretory structures with similar secrefipossobonet al. 2015; Sa-
Haiadet al. 2015; Marinhoet al. 2016; Fernandest al. 2017).

However, it is worth mentioning that iR. paniculatathe plastids seem to
play an important role in secretion synthesis andnate composition. Structural
aspects of plastids may indicate important aspects o€thbenical composition of
terpene secretions (Fahn 1998). The plastidB.gfaniculatatrichomes are typical
leucoplasts, devoid of thylakoids and ribosomes, and agrnaitsystems of poorly
developed membranegd acchia& Carmello-Guerreiro 2009; Lange & Turner 2013).
Plastids with these characteristics are relatedeayhthesis of secretions rich in low
molecular weight terpenes, such as monoterpenes (Géte&icCarde 1985; Fahn
1988; Lange & Turner 2013). Similar observations were made bghizac&

Carmello-Guerreiro (2009) in secretory channels of Anaceed® species

The release oP. paniculatasecretion results in the trichome degradation,
with typical programmed cell death characteristics. Tytoplasm collapse is
evidenced by plastidial degradation and dark staining and evidemdance of
vesicles in the cytoplasm and vacuole, which may contgidrolytic enzymes
responsible for the organelles degradation and ruptureeotatioplast (Paiva &
Machado 2007/Chen & Wu 2010) .

Lysigenous secretory cavities

The secretory cavities @@. paniculataoccur throughout the leaf blade and
their differentiation is posteriaio secretory trichomes differentiation. These aspects

suggest that the cavities act in the chemical defenseatirenleaves, while the

27



trichomes probably act in defense of young aerial organsmsigthe action of
herbivorous insects.

Internal secretory structures were considered uncommoRolpgalaceae
(Solereder 1908; Holm 1929). However, mucilage ducts, oil cellei(&idr 1908;
Holm 1929; Metcalfe & Chalk 1989; Aguiar-Dias$ al. 2012) and cavities (Falca
al. 1973; Piwpuan & Thammathaworn 2007; Aguiar-Dé&sal. 2012) have been
reported to the family, but these studies do not provide informatiocthe ontogeny
of these secretory structureghe secretory cavities cape originated from the
fundamental meristem cells (Lersten 1986; Ciccaetliil. 2001) as irP. paniculata
from protoderm(Curtis & Lersten 199%or both (Bosabalidis & Tsekos 1982; Liang
et al. 2006; Paiva & Machado 2007). The process of formation ofycawuihen is
controversial and discussed in different species (Mantt al. 1995; Turneret al.
1998; Tuner 1999; Paiv& Machado 2007; Fernandetal. 2017). InP. paniculata
we found that the cavities have a lysogenic origin, psrted by Aguiar-Dia®t al.
2012. Lumen formation is initiated with central cell degtastaand death and there
is no evidence of cell separation at this stage, whichactenizes that development
as lysogen (Fahn 1979; Paiva & Machado 2007). The obserwatimiddle lamella
degradation and spacing between cells at the lumen developragrienassociated
with tissue differentiation and leaf blade expansion,tbey do not characterize the

schizogenous development of the cavity at any stage.

The observations by LM and TEM in the early stagedenfelopment may
lead to correct identification of the cavities origiro@balidis & Tsekos 1982; Chen
& Hu 2010), since they provide information about different aspend give
consistency to the obtained results (Machatial. 2016). The disintegration of the
initial cell of the cavity initiates the lumen fornat of the cavity and characterizes
the lysis process, as also observedHymenaea stigonocarpéPaiva & Machado
2007). InP. paniculata on the other hand, the formation of the lumen ef Ph
paniculatacavity is the result of the process of differentiatisecretory activity and
cell death of each cell that is incorporated into thetgaim such a way that the
content of these cells is incorporated in the accumdlaecretion in the lumen,

favoring the increase of lumen space.

In general, the determination of lysogenic cavities nrigay be the result of

a misinterpretation of artifacts during tissue fixatiomgass (Turneet al. 1998).
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However, observations of cavity cells at different stagkslevelopment and the
integrity of the mitochondria during cytoplasm disinteégra indicate that the cell
degradation is a result of programmed cell death processi@ncaused by tissue
necrosis (Paiva & Machado 2007). In addition, the cell lIdgatocess inP.
paniculata is not synchronized among cells, but continuous, as @served in
colleters ofTocoyena bullataMiguel et al. 2016), in such way that the cells are
recruited in different moments of cavity formatiorhi§ characteristic shows that
there are cells in the process of cell death ancctirdaring the process, which
confirms the evidence of cell death and refutes the posgibili artifacts during

tissue fixation

The ultrastructural aspects of the cells that cartstithe secretory cavities are
similar to those observed in trichomes: dense cytoplasmghroand smooth
endoplasmic reticulum, mitochondria, plastids and vesicid the population of
organelles is compatible with those observed in cavaied secretory ducts of
essential oils of other species (Rodrigaeal. 2011; Machadet al.2016; Fernandes
et al. 2017). However, unlike the secretory trichomes, the abuedaiplastids with
ribosomal granules and membrane system developed indibatethese organelles
are related to the synthesis of secretions with presme of high molecular weight
terpenes, as the resins (Cheniclet & Carde 1985; Fahn 1988hiha% Carmello-
Guerreiro 2009).

The secretion of the cavities is predominantly composkdesins, non-
volatile terpenes, although fractions of monoterpeneg lmeaalso constituents. The
characteristics observed . paniculataplastids are similar to those observed in
Anacardium humillgLacchia & Carmello-Guerreiro 2009 lusia sp. (Sa-Haiackt
al. 2015), Metrodorea nigra (Machado et al. 2016) and Casearia sylvestris
(Fernandes et al., 2017), whose secretion is rich in.r&ianges in the plastids of
cells entering the cavity include the concomitance betwtbe degradation of the
starch grains and the accumulation of oil droplets in ¢lrema. This feature
indicates that the consumption of this reserve is acemfrenergy and carbon for the
synthesis of secretion (Mekt al. 2010; Silvaet al. 2016, Machadet al. 2016) and
compartimentalization during the synthesis of essemtial (Cheniclet & Carde,
1985)
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Root secreting cells

The absence of specialized secretory structures in thes robtP.
paniculatacorroborates the data found in the literature to datéhéospecies (Falcéo
et al. 1973). Idioblasts or specialized secretory cells repre$entmiost primitive
secretory structures in plants, but differ from adjacegils by size, content, and
function (Fahn 1988). In the roots Bf paniculataany root cortical cell is suitable
for the secretion of terpenoids, not characterizinghidists, but only a secretory
tissue. In theP. paniculatashoot, terpenoids are secreted by specialized secretory
structures, such as cavities and trichomes. It shoutdih&idered, therefore, that the
roots have diversified less than shoot throughout the plasiutenary process
(Gifford & Foster 1996; Evert & Eichhorn 2013) and, consequettigy have more
abundant and diversified secretory structures (Fahn 197&8yever, secretory
structures also occur in the roots of different taxomogroups, including in the
genusSalomonigPolygalaceae) (Piwpuan & Thammathaworn 2007).

Histochemical aspects of trichomes, cavities and roots

Histochemical tests shaal that trichomes, cavities and roots present lipid
secretion, as evidenced by the Sudan reagent, specific forabdipgds. This
hydrophobic secretion is mixed and terpenic in nature, compufsegsential oils
low molecular weight terpenes, and resins, high molesudaght (Lange 2015), as
evidenced by the Nadi test, specific for this chemical groufnoAgh histochemical
analyzes have identified only essential oils and resinB. ipaniculatasecretions,
these compounds may occur associated with other chentisses (Ventrella &
Marinho 2008; Motaet al. 2013; Lange 2015), not detected on these tests.

Analysis by gas chromatography identified different nopdre substances
in the secretion of flowers and rootsRf paniculata(Pizzolatiet al. 2009), such as
Methyl Salicylate (MeSa), phenylpropanoide in the analyzedesen. The
miscellany of chemical substances such as terpenoids anglpfopanoids, such as
MeSa, inP. paniculatamay be related to the known secretion functions of tne®
and cavities: protection against insect predation (Dudatah 2006), attraction of
pollinators (Glaset al. 2012) and communication between species (plant-plant, plant-

iInsect or plant-microorganisms) (Lange 2015).
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The role of volatile compounds in aerial organs has lestigated for a
long time under different aspects (Lanaiel. 2010), and are commonly reported in
trichomes (Lange & Turner 2013; Lange 2015) and cavities (Macbbadb 2016).
But what would be the role of these chemicals in subtearmorgans, such as roots?
The function of the secretions found in the roots isfrfam being understood (Van
Tol et al. 2001; Baetz & Martinoia 2014), since they are subterranegans, which
makes it difficult to carry out studies on their chemiaainposition (Lanouest al.
2010). However, the different chemical properties related ngpoands in the roots
have aroused the interest of different study areas (leioal. 2010, Pizzolatet al.
2009; Baetz & Martinoia 2014). Plant roots are also subjeattsmks by different
soil organisms (van Tokt al. 2001). The release of volatile substances by
subterranean organs may detain some microorganisms agimc@bial or anti-
herbivorous mechanism of action (Adt al. 2010), elicit in other organisms in
tritrophic defense strategies attracting natural enemidasenf herbivores (Vet &
Dicke 1992) and to induce the synthesis and release ofil@slat neighboring
plants, which may attract predatory organisms from theliv@es (Chamberlaiet
al. 2001). Thus, radicular secretions mediate numerous rophic defense

strategies associated with rhizosphere éAlal. 2010; Rasman & Turlings, 2016).

CONCLUSIONS

Polygala paniculatgresents three synthesis sites of essential oit$ioimes
in leaves and stem, leaf cavities and parenchyma root Th#ésunusual morphology
of secretory trichomes is related to particular aspettbeir secretory mechanism.
The ultrastructural aspects of the trichomes, cavitidspanenchyma roots cells are
similar, except fo the plastids that are absent in the roots, and correspotin to
synthesis of essential oils. The development of tried® cavities and root-secreting
cells involves programmed cell death mechanism. Partidesarof the secretory
mechanisms of eadPolygala paniculatesecretory site were firstily described in this
work These informations presents contributions to the gtalating of secretion

mechanism of hydrophobic substasageplant-secretory structures.
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CAPITULO 1I:

EFEITO DA QUALIDADE DA LUZ, AGENTES GELEIFICANTES E
SACAROSE NO CRESCIMENTO IN VITRO E MORFOANATOMIA
FOLIAR DE Polygala paniculata L.

RESUMO

Efeitos de diferentes espectros de luz, agentes gefedgae concentracdo de
sacarose foram testados no desenvolvimémteitro de Polygala paniculata Os
tratamentos foram: uso de lampadas fluorescentes (Lipatlas LED com luz
branca (LB), lampadas LED com luz azul:vermelho (LAV) coradiancias de 56
umol m? s*. Segmentos nodais foram inoculados em agar com 15(415) ou 30
gL™" (A30) e em Phytagel com 15 gL(P15) ou 30 gL' (P30). Desse modo,
totalizou-se 12 tratamentos: A15LF; A15LB; A15LAV; A30LF; A30LR30LAV;
P15LF; P15LB; P15LAV; P30LF; P30LB; P30LAV. ApGs 45 dias de culteo
aspectos morfolégicos e anatdmicos foram avaliados. @wme$a avaliados
influenciaram significativamente a morfologia e anatorde P. paniculata Os
tratamentos com LF, em agar ou Phytagel, induziram o ddseneato e a
anatomia similares aos observados em plastasitu Todavia, os tratamentos com
30 gL* de sacarose induziram um aumento na espessura da lamaractoti o
aumento do volume celular dos parénquimas palicadiexzendso e reducdo dos
espacos intercelulares. Plantas cultivadas em LB\é ém concentracdes maiores
de sacarose em ambos agentes geleificantes apresemt@safilo menos espesso. A
luz fluorescente favorece o desenvolvimemovitro de P. paniculata Todavia,
aspectos fotossintéticos e ultraestuturais devermaéisados para avaliar o efeito da
gualidade de luz sobre as organelas e fisiologia da espima a importancia dos
comprimentos de onda AV na diferenciacdo dos tecidos endssimento das
plantas, sugere-se diferentes propor¢cées dos mesmam gestadosem P.

paniculata

Palavras chave:agar, anatomia, qualidade da luz, Phytagel
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ABSTRACT

Effects of different light spectra, gelling agents andr@se concentration in vitro
development with out performancef Polygala paniculatawere tested. The
treatments were: fluorescent lamps (LF), LEDs with winget|(LB), LED with blue
and red light (LAV) with of 56umol m? s'irradiation of Nodal segments were
inoculated in agar with 15 g £ (A15) ou 30 g L* (A30) and Phytagel with 15 gt
(P15) @ 30 g L* (P30). Thus, a total of 12 treatments were performed: A15LF;
Al15LB; A15LAV; A30LF; A30LB; A30LAV; P15LF; P15LB; P15LAV; P30LF
P30LB; P30LAV. After 45 days of culture, the morphological amétamical
aspects were evaluated. The evaluated factors significanfluenced the
morphology and anatomy d?. paniculata The treatments with LF, in agar or
Phytagel, induced the development and anatomy similar to tisseved irex situ
plants. However, the treatments with 30 @ bf sucrose induced an increase of leaf
blade thickness with an increasing palisade and spongggtgmaa cellular volume
and reduction of the intercellular spaces. Plants gromioB and LAV at higher
concentrations of sucrose in both gelling agents showedhahi mesophyll.
Fluorescent light favors thén vitro development ofP. paniculata However,
photosynthetic and ultrastructural aspects should be athtgzevaluate the effect of
light quality on the organelles and physiology of the g®dbiven the importance
of AV wavelengths in tissue differentiation and plant develept, different ratios of

the same assays ih paniculata

Key words: agar, anatomy, light quality, Phytagel
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INTRODUCAO

Polygala paniculataL. (Polygalaceae) é uma espécie nativa, herbacea e de
valor medicinal amplamente explorado nas Américas @eptrdo Sul (Persson,
2001) Extratos alcodlicos das raizesRlepaniculata produtoras de 6leos essenciais
(Pizzolattiet al. 2011), sdo utilizados em tratamentos topicos de traumas @ésxa
(Lorenzi e Mattos, 2002). As propriedades medicinais da espéae sido
confrmadas em estudos que indicam atividades antinflaiastd
antiedematogénicas (Nogueiet al. 2005), antinociceptiva (Lapat al. 2009),
vasorelaxantes e hipotensivas (Lapal. 2011). As folhas d@. paniculatatambém
sintetizam 6leos essenciais com propriedades quiminadhsantes as observadas na
secrecado das raizes, embora apresentem proporcdes quiieicaas entre seus
componentes (Pizzola#t al. 2009)

O cultivo de plantasn vitro constitui importante estratégia biotecnologica
para producdo de plantas com valor medicinal, favorecesidlatese de compostos
de interesse. A manipulacdo e o controle das condiciwseiatais externas e
internas (Gupta e Jatohu, 2013), como determinacdo do meiotuia ¢Slaldanhat
al. 2014), controle das trocas gasosas (Vwtal. 2009; Saldanhat al. 2013),
concentracdo de sacarose (Prugtkal. 2000) e luminosidade (Alvarezt al. 2012),
podem contribuir para a obtencdo de plantas com uniformidadética, qualidade
morfofisiologica e quimica (Panizza e Tognoni, 1988; Zuzetrta. 2010; Vieiraet
al. 2015).

A gualidade espectral é determinante para as caracteristmdologicas e
fotossintéticas das plantas (Topchyial 2005). A luz é a principal fonte de energia
para o metabolismo fotossintético das plantas (Studfierber, 1998), e possui papel
chave em vérios aspectos do desenvolvimento (Amhal. 2016), como a
morfogénese (Gupta e Jatothu, 2013), diferenciacdo do aparato fétissint
(Schuergeret al1997), bem como a composicdo quimica das plantas (Alvaetnga
al. 2015; Batistaet al. 2016; Szopa e Ekiert, 2016). O papel modulador da luz sobre
os diferentes aspectos do desenvolvimento vegetal é megieldo qualidade
espectral fornecida, a quantidade de radiacdo e o fotopdRedweni e Evernor,
2007; Areneet al.2016; Szopa e Ekiert; 2016).
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Lampadas fluorescentes apresentam amplo espectro de centpsnde
onda (320 a 800 nm) com poucas possibilidades de ajuste (®i€ita?2015) e sao
tradicionalmente utilizadas no cultiwo vitro por apresentar resultados significativos
sobre o crescimento das plantas (Seedwal. 1995; Szopa e Ekiert; 2016). No
entanto, o uso de lampadas LED permite a determinacdo de cemmsnde ondas
especificos e fundamentais aos processos fotossintétiquatéas, como a luz azul
(450-495nm) e luz vermelha (620-750 nm) e, por isso, tem sido cvadien
diferentes culturas vegetais (Seelet al. 1995; Shinet al. 2008). A irradiacdo de
comprimentos de onda fotossinteticamente ativos podeefeaoa morfogénese dos
tecidos foliares, organelas celulares e, consequenten@mtaparato fotossintético
(Vieira et al. 2015), uma vez que, embora sejam pouco estudadas, alteracdes
significativas na anatomia e ultraestrutura foliar podestificar baixos niveis de

fotossintese, desenvolvimento e sintese de compostosrdssete

Vérios estudos tém indicado respostas distintas emaglaubmetidas a
diferentes quantidades e qualidades de luz (Barediral. 1992; Schuergeet al.
1995; Arenaet al. 2016), sugerindo que a resposta vegetal pode ser espécie-
dependente (Arenat al. 2016). Apesar disso, estudos sobre os efeitos da qualidade
de luz sobre o desenvolvimento vegetal podem ampliar o comr@a sobre essas
respostas e contribuir para o estabelecimento de condig@egsiadas ao cultivo de

espécies de interesse comercial (Szopa e Ekiert, 2016).

Assim como a qualidade espectral, a determinacdo do agdeiécaate
afeta o desenvolvimento de plantas cultivadagtro (Debergh, 1983; Bhattacharya
et al. 1994; Kumaret al.2003), podendo apresentar composi¢cées quimicas distintas e
influenciar a disponibilidade de agua e nutrientes para okrggp cultivados
(Dobranszkiet al. 2011; Ivanova e Van Staden, 2011). O agar, agente geleificante
predominantemente utilizado no cultivovitro (Puchooeet al. 1999; Dobranszket
al. 2011) é extraido da parece celular de algas marinhas vernj€labdiaceae e
Graciliaceae), e € constituido por uma mistura complesgdlissacarideos agarose
e agaropectina (Dobransekial. 2011). A ampla utilizacdo do agar justifica-se em
funcdo de sua estabilidade e resisténcia a acao de enzwgeimis ao longo do
cultivo (Puchooeet al. 1999). No entanto, seu uso pode representar maior custo,
superexploracdo de sua fonte (Jain e Babbar, 2002) e estamads a efeitos

negativos sobre o desenvolvimento das plantas, como hipefatieziem funcdo da
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presenca de impurezas e contaminantes que podem ser encoetrado®s de
diferentes marcas (Deberg, 1983; Rsisl. 2005; Puchooat al. 1999).

Em alternativa ao uso de agar, outros agentes geled&arwm o Phytagel
(“gellangum” ou Gelrite), tém sido testados em diferentes culturas vegetais (Reis et
al. 2005; Dobranszket al. 2011). O Phytagel € obtido de bactériBsgudomonas
elodeg, apresenta maior qualidade e pureza que o agar €Rais2005; lvanova e
Van Staden, 2011), coloracao translicida (Reial. 2005) e menor concentragéo de
substancias que promovam a resisténcia ou “dureza” do gel (Ivanova e Van Staden,
2011). Além disso, a utilizacdo do Phytagel como agente galaié em detrimento
ao uso de agar justifica-se pelo menor custo (Cavadlaab. 2014) e por apresentar
resultados significativos sobre o desenvolvimento de difereagpécies como
Passiflora edulis(Passifloraceae) (Reist al. 2005) e Arundo donax(Poaceae)
(Cavallaroet al.2014). Apesar dos resultados positivos, desordens morfoanasim
como a hiperidricidade, também foram identificadas entivoulin vitro com
Phytagel (Franckt al. 1997).

A adicdo de sacarose ao meio de cultura € essencialsanvdé/imento e
manutencdo das plantas em sistemas de culftivitro (Prusket al. 2000; Serret e
Trilla, 2000) heterotroficos ou fotomixotréficos (Kozai, 2018gsse ultimo sistema,
o cultivo em frascos ou outro recipiente pode reduzir esamismos fotossintéticos
das plantas, mesmo havendo trocas gasosas com o med, (R@¥0). Por isso, a
adicdo de sacarose ao meio de cultivo, nesse sisteprasenta fonte de energia
para os explantes em desenvolvimento (Kozai, 2010), tendasengue o potencial

fotossintético em condicO@s vitro pode ser reduzido.

O conhecimento sobre o cultivo vitro de P. paniculataé restrito ao estudo
de Victérioet al. (2011), que avaliaram os efeitos de citocininas sobre a [Fodis;
biomassa e aumento da concentracdo de salicilato de rBetdla. estudo, por sua
vez, teve por objetivo avaliar o efeito da qualidade de dgente geleificante e
sacarose sobre o desenvolvimento e anatomia foliaP.dpaniculata visando
determinar as condicdes de cultivo que permitam a obtategadantas com maior

gualidade morfofisiolégica.
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MATERIAL E METODOS

Material vegetal e germinag&o vitro

As sementes maduras foram obtidas da populacdo natur&olggala
paniculatg popularmente conhecida como ‘gelolzinho’, localizadaReserva
Florestal Mata do Paraiso, municipio de Vic@2a°48°01”" S e 42°51°51”" W),
Minas Gerais, Brasil. As sementesdm escarificads mecanicamente com o auxilio
de lixa (300), e, posteriormente, imersas em etanol 70% pan, tranferidas para
uma solucdo 2.0% (v/v) a partir de hipoclorito de s6dio comercial (5.0% aclor
ativo; Super Glob8, Contagem, Brasil) com 100pL de Tweerf Zibr 20 min,e
lavadas trés vezes em agua destilida sementes foram, subsequentemente,
trasferidas para frascos de vidro (250 mL de capacidade),16osementes por
frasco (um total de 200 sementes) contendo 70 mL de meio teacabmposto
pelos sais e vitaminas do meio MS (Murashige e Skoog 1962), 30dg kacarose,
100 mg L* de mio-inositol, 6.5 g £ de agar Merk, com pH ajustado para 5,7 + 0,1,
sendo autoclavado a 120 °C, 108 kPa por 20 min. As semeraes fieantidas em
sala de crescimento por 30 dias, com fotoperiodo de sbh frradiancia de 36 pmol
m? s* provenientes de 2 lampadas fluorescentes (Luz do Dia, 20W, (Braril)

temperatura de 25 + 2 °C.

Efeito da qualidade da luz, agentes geleificantes e sacsmbse Polygala
paniculata

Segmentos nodais (1 cm comprimgntoram transferidos para frascos de
vidro com 250 mL de capacidade vedados com tampa rigida de pddipoocom
dois orificios com 10 mm de diametro, coberto com duas naarabrcom 0.45m
de poro (MilliSea? AVS-045 Air Vent, Tokyo, Japan) com niveis de trocaC@
de 25 puL [* s (Batistaet al. 2017). Os explantes, quatro por frasco, foram
inoculados em meio de cultura contendo sais MS e vitantoas concentracdes de
sacarose 15 ou 30 g'L.100 ngL™ de mio-inositol (Sigma-Aldrich Co, St. Louis,
MO). Dois agentes geleificantes foram usados nessesngatos: 6.5 gL de agar
(A) (Merck®, Darmstadt, Germany) e 2.5 ¢ lde Phytagél(P) (Sigma-Aldricff
Co). O pH ajustado para 5,7 £ 0,1, e 0 meio de cultura foi autoclawdd@® °C, 108
kPa por 20 min. Os frascos foram mantidos em salas denceegéo com regime

luminoso de 16h e temperatura de 25 + 2 °C. Cada tratan@rstfado com trés
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diferentes fontes de luduas lampadas fluorescea{(HO Sylvania T12, 110 W, Séo
Paulo, Brazil), duas lampadas LED branca (SMD 100, 18 W, ¥ilvitéria, ES,
Brazil), e duas lampadas LED com comprimentos de onda ezukho (LabPAR
LL-HR/DB-480, 11.6 W) (LabLumefis Carapicuiba, SP, Brazil), na propor¢éo 1:1,
totalizando 12 tratamentos (Tabela 1) com 10 repbqaiatratamentoA irradiancia

foi padronizadaem 56 pmol m? s* por meio de um irradidmetro (LI-250A, LI-
COR® Inc., Lincoln, NE) e o espectro de absorcdo luminosa heasadasfoi
registado num intervalo de comprimento de onda de 200 a 800 nmugobm
espectrorradidmetro Ocean Optics Spectra-Suite, sistema wcaoude dados de
software (Ocean Opti€s Dunedin, FL). Apés 45 dias de cultivo, foram realizadas

arglises quantitativas e qualitativas da morfoanatomm. gianiculata.

Tabela 1.Tratamentos utilizados no cultivo vitro dePolygala paniculata

Agente geleificante:concentragéo de sacarose:qualidade de It Tratamento

Agar: 15 g " de sacarose: Lampada fluorescente A15LF
Agar: 15 g I de sacarose: Lampada LED branca A15LB
Agar: 15 g I de sacarose: Lampada LED azul:vermelho A15LAV
Agar: 30 g [ de sacarose: Lampada fluorescente A30LF
Agar: 30 g I de sacarose: Lampada LED branca A30 LB
Agar: 30 g I de sacarose: Lampada LED azul:vermelho A30 LAV
Phytagel: 15 g :de sacarose: Lampada fluorescente P15LF
Phytagel: 15 g t'de sacarose: LAmpada LED branca P15LB
Phytagel: 15 g :de sacarose: Lampada LED azul:vermelho P15LAV
Phytagel: 30 g t:de sacarose: Lampada fluorescente P30LF
Phytagel: 30 g t:de sacarose: Lampada LED branca P30 LB

Phytagel: 30 g t:de sacarose: Lampada LED azul:vermelho P30LAV

Analises anatébmicas
Fragmentos foliares de plantas situ e in vitro foram coletados em
populacdes naturais e no final do periodo de cultivo, respextiie As amostras

foram fixadas em solucéo de Karnovsk (2.5% glutaraldeido, 4&fopanaldeido, e 5
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mM CaC} em0.1 M tampéo cacodilato, pH 7,2) (Karnovsky, 1965) por&4pC.
Para a miscroscopia de luz, as amostras foram lavadagezes em agua por 3 min
cada, desidratada em série etandlica e incluidas em Zdbiilmetacrilato
(Historesin, Leica, Heidelberg, Alemanha). Sec¢des transversais (Sum de espessura)
foram obtidas em micr6tomo rotativo de avanco automatiRBI2(55, Leica
Microsystems Inc., Deerfield, EUA), coradas com azutaleidina 0,05% pH 4,4
(O’Brien et al., 1964) e montadas com resina sintética (Permount, Fisher Scientific,
Pittsburgh, EUA). As imagens das andlises estristdomam obtidas em camera
fotografica digital (AxioCam HRc, Zeiss, Gottinger, Aleniha) e microcomputador
com o programa de captura de imagens Axion Vision acopladosnasiaroscépio de
luz (AX-70 TRF, Olympus Optical, Tokyo, Japéo).

Analises estatisticas

Os experimentos foram realizados em delineamento inteitarmasualizado
em esquema fatorial 3x2 (qualidades espectrais x meios de cultura x conceesaco
de sacarose), totalizando 12 tratamentmsy 10 replicatas, sendo cada repkca
composa por um frasco com quatro plantuld®ara avaliar o efeito dos fatores
ambientais sobre a anatomia foliarRlepaniculata foram feitas cinco fotografias de
trés seccdes de trés laminas histoldgicas, selecioabaddsriamente. Os parametros
espessura total da folha; da epiderme das faces adaxial alatmxnesofilo; do
parénquima palicadico e parénquima lacondsram mensurados com o auxilio do
software Image Pro Plus, sendo que para cada variavel feitas cinco medicdes.
Parametros de porte, desenvolvimento, desenvolvimento demaistadicular e
namero de brotacdes laterais foram observados.

Os dados obtidos foram submetidos a andlise de variasefpiida da
comparacdo entre as médias dos tratamentos pelo dest€ukey a 5% de
significancia, utilizando-se o programa estatistico Gerasiao Windows/2011.9.0
(Cruz, 2013).

RESULTADOS

Aspectos morfoldgicos das plantasRiganiculatacultivadasn vitro
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Os diferentes fatores testados (qualidade luminosajteaggeleificante e
concentracdo de sacarose) resultaram em caracteristmdologicas variadas das
plantas (Figura 1). Os tratamentos em agar apresentéaatagpde porte ereto, bem
desenvolvidas e com sistema radicular diferenciado (Figikas 1B). As plantas
submetidas aos tratamentos A15LB, A15LF e AI15LAV apresentamsaior
crescimento, menor nimero de brotacBes lateraishasfaxpandidas com lamina
foliar larga (Figura 1A). As plantas submetidas aos tratdns A30LB, A30LF e
A30LAV apresentaram plantas com menor crescimento,rméimero de brotacdes
laterais e folhas expandidas com lamina foliar est(€iigura 1B). Os tratamentos
em Phytagel apresentaram plantas de porte ereto, pouco aegEsy sem sistema
radicular diferenciado e induziram a diferenciacdo deisteenas reprodutivos
(Figuras 1C; 1D). As plantas submetidas aos tratamentos PPIISRF e P15LAV
apresentaram menor crescimento, menor niumero de bestlgérais, folhas pouco
expandidas com lamina foliar estreita (Figura 1C). As tptarsubmetidas aos
tratamentos P30LB, P30LF e P30LAV apresentaram plantaspooicas brotacdes
laterais, folhas diminutas com lamina foliar estreitigyfa 1D). Nota-se ainda que
essas plantas apresentaram absciséo foliar e mortgutes &lxplantes (Figura 1D).

As plantas ndo apresentaram sinais de hiperidricidade emmerdtamento.

15 gL" de sacarose 30 gL"'de sacarose

Agar

Phytagel
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Figura 1. Plantasin vitro de P. paniculatacultivadas sob diferentes qualidades
espectrais, agentes geleificantes e concentracdo desaca-D. Plantas com 45
dias de cultivoA. Plantas cultivadas em agar com 15'gle sacaroseB. Plantas
cultivadas em agar com 30 gHe sacaroseC. Plantas cultivadas em Phytagel com
15 gL* de sacarose. Plantas cultivadas em Phytagel com 30 gle sacarosé.B:

luz branca; LF: luz fluorescente; LAV: LED azul:.vermelha.

Caracteristicas anatdmicas das folhaP deaniculata

As folhas deP. paniculata in situapresentam estrutura dorsiventral e
anfiestomatica (Figura 2A). A nervura principal possui coma®ncavo-convexo
no 4apice e plano-convexo na base e meio (Figura 2B). &d&te tecido
especializado de sustentacdo, sendo o cortex formado prgpana palicadico
acima do sistema vascular central e parénquima fundaerdaxo do sistema
vascular central (Figura 2B). O sistema vascular & doctyterteral com apenas um
feixe central levemente arqueado (Figura 2B). A epidermesSariada e composta
por células cuboides (Figura 2C). O mesofilo € dorsivenp@dsui parénquima
palicadico unisseriado e parénquima lacunoso com aproximati&apieco camadas
de células (Figura 2A, 2C)Cavidades secretoras estdo distribuidas no mesofilo
(Figura 2A).

RPN

TR = - ST - e

Figura 2. Aspectos anatdomicos das folhasRidygala paniculatacultivadain situ.
A. Aspecto geral da folhaB.C. Detalhe de AB. Nervura medianaC. Mesofilo
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dorsiventral. ead: epiderme adaxial, eab: epiderme abaxial; cédex; pl:
parénquima lacunoso; pp: parénquima palicadico. Pontagalendizam cavidades
secretoras. Barras: A: 200 um; B.C: 100 pm.

Cultivo in vitro deP. paniculata

O cultivo deP. paniculatasob diferentes condicbes ambientais ndo alterou a
estrutura dorsiventral e anfiestomatica da lamina folimervada em plantax situ
(Figura 2). No entanto, analises estatisticas dos dados me@osuevidenciaram
diferencas resultantes das combinacgdes entre qualidadealadentes geleificantes
(Tabela 2) e agentes geleificantes e concentracédo dmsadTabela 3). A relacéo
entre qualidade de luz e concentracdo de sacarose naserdapre interacao

estatisticamente significativa.

Qualidade da luz x agente geleificante

Em plantas cultivadas em agar as caracteristicas adadisapresentaram
diferencas estatisticamente significativas entreuadidades espectrais (Tabela 2). A
espessura foliar de plantas cultivadas em LF foi maiorrelacdo as plantas
cultivadas em LB e em LAV. A espessura da epiderme addiplantas cultivadas
em agar e LF também foi maior em relacdo a epidermaaddiz plantas cultivadas
em LB e LAV, os quais nao diferiram entre si. A espesdorparénquima palicadico
foi maior em plantas cultivadas em agar e LF em &elaguelas cultivadas em LB e
em LAV, que nao diferiram entre si. A espessura do panérglaicunoso de plantas
cultivadas em agar e LF ou LB néo diferiram entre sis floram maiores que em
plantas cultivadas em LAV. A espessura da epiderme aldeiplantas cultivadas
em LF foi maior que em plantas cultivadas em LAV, rmabos os tratamentos ndo

diferiram das plantas cultivadas em LB.

Em plantas cultivadas em Phytagel, algumas caraatadstanalisadas
também apresentaram diferencas entre as qualidades eisp€tabela 2). A
espessura foliar de plantas cultivadas em Phytagel naw difégre as qualidades de
luz testadas. A espessura das epidermes adaxial e abapiahtis cultivadas em

Phytagel em LF foi menor que aquelas cultivadas em LB, lgie ndo diferiram
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entre si. A espessura dos parénquimas palicadico e Bxwm plantas cultivadas
em Phytagel também permaneceu constante entre as ifeceralidades espectrais
analisadas.

Comparando as plantas cultivadas em &gar com as cakivad Phytagel
também houveram diferencas significativas entre asctesigticas anatdmicas
avaliadas. A espessura foliar foi maior em plantasvadias em agar que em plantas
cultivadas em Phytagel sob LF, e maior em plantasvadhs em Phytagel que em
plantas cultivadas agar sob LAV, sem diferenca sigtifigeentre os dois agentes
geleificantes sob LB. Tanto a espessura da epiderme adarial a espessura da
epiderme abaxial foram maiores em agar sob LF e nsa@rePhytagel nos demais
tipos de luz analisados. A espessura do parénquima paligaditaior em plantas
cultivadas em agar sob LF, mas néo diferiu entre agegegeleificantes nas demais
gualidades de luz analisados. A espessura do parénquima ladanosaior em
plantas cultivadas em agar sob LF e maior em planttivadas em Phytagel sob
LAV, mas nao diferiu entre os agentes geleificantes quaniteacias sob LB.
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Tabela 2. Caracteristicas anatémicas de plantutasitro de Polygala paniculata
afetadas pela relacdo entre condi¢cdes luminosas eeaggieificantes, apds 45 dias
de cultivo.

Espessura foliar (mm)

Qualidade de luz Agente geleificante
Agar Phytagel
Fluorescente 0,225 Aa 0,179 Ba
LED Branca 0,189 Ab 0,199 Aa
LED Av* 0,162 Bb 0,209 Aa

Epiderme adaxial (mm)

Qualidade de luz Agente geleificante
Agar Phytagel
Fluorescente 0,019 Aa 0,017 Bb
LED Branca 0,016 Bb 0,020 Aa
LED A/V* 0,016 Bb 0,019 Aa

Parénquima palicadico (mm)

Qualidade de luz Agente geleificante
Agar Phytagel
Fluorescente 0,067Aa 0,047 Ba
LED Branca 0,051Ab 0,047 Aa
LED AV 0,049Ab 0,055 Aa

Parénquima lacunoso (mm)

Qualidade de luz Agente geleificante
Agar Phytagel
Fluorescente 0,122 Aa 0,099Ba
LED Branca 0,102 Aa 0,112 Aa
LED AV 0,081 Bb 0,116 Aa

Epiderme abaxial (mm)

Qualidade de luz Agente geleificante
Agar Phytagel
Fluorescente 0,018Aa 0,014Bb
LED Branca 0,016Bab 0,019Aa
LED AV 0,016Bb 0,018Aa

Médias seguidas das mesmas letras mailsculas nantatigdetras minusculas na
vertical ndo diferem entre si pelo teste de Tukey a 5%atmbilidade.

Agentes geleificantes x concentracdo de sacarose

Plantas cultivadas em agar com concentracdes de 15egB0 gL' de
sacarose apresentaram alteractes estatisticangmfteativas entre si (Tabela 3). A
espessura das variaveis: limbo; epidermes adaxial e aap@aténquima palicadico

e parénquima lacunoso apresentou aumento estatisticanmgrifeativo em meio
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de cultura com maior concentracdo de sacarose (Tabel®l8htas cultivadas em
Phytagel com concentracées de 15'gL30 gL' de sacarose também apresentaram
alteracOes estatisticamente significativas entre Tsibgla 3). Entretanto, nesse
tratamento, a espessura do limbo e da epiderme abaxsdfaficativamente maior
em plantas cultivadas em meio de cultura com menoreotragéo de sacarose. A
espessura das demais variaveis analisadas, por sua veapragentou diferencas
significativas entre as concentragdes analisadasl@rape

Plantas cultivadas em ambos os agentes geleificanteseaparam diferencas
anatomicas significativas de acordo com a concentrag&aadeose no meio, mas a
interacdo entre os agentes geleificantes e as coacg@es de sacarose no meio de
cultivo néo foi significativa (Tabela 3). A espessur@afoem plantas cultivadas com
30 gL de sacarose foi maior em agar e em plantas cultiveolais 15 gl de
sacarose foi maior em Phytagel. A espessura da epidetaxéalae da epiderme
abaxial em plantas cultivadas com 15'glle sacarose foi maior em Phytagel. Em
plantas cultivadas com 30 glLde sacarose a espessura da epiderme adaxial ndo
diferiu entre os agentes geleificantes, enquanto a espafsapiderme abaxial foi
maior em agar. A espessura do parénquima palicadico emagleultivadas com 15
gL™ de sacarose foi maior em Phytagel, enquanto em plaritasdas com 30 gt
de sacarose a espessura desse parénquima nao diferioseagentes geleificantes.
Considerando os agentes geleificantes, a espessura do pagémpglicadico foi
maior em plantas cultivadas em agar com 30' gle sacarose e, em plantas
cultivadas em Phytagel ndo houve diferenca entre aeotacées de sacaroge.
espessura do parénquima lacunoso em plantas cultivadakbogiit de sacarose foi
maior em Phytagel, enquanto em plantas cultivadas com 30dgLsacarose a

espessura desse parénquima nao diferiu entre os agentesagéesf
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Tabela 3. Caracteristicas anatbmicas de plantiutasitro de Polygala paniculata
afetadas pela relacdo entre agentes geleificantes enttagéo de sacarose, apés 45
dias de cultivo.

Espessura foliar (1 m)
Sacarose (g1

Agentes geleificante

15 30
Agar 0,16Bb 0,20Aa
Phytagel 0,21 Aa 0,18Bb

Epiderme adaxial (Lm)
Sacarose (g1

Agentes geleificante

15 30
Agar 0,015Bb 0,019Aa
Phytagel 0, 019Aa 0,017Aa

Parénquima pali¢cadico (um)
Sacarose (g1

Agentes geleificante

15 30
Agar 0,048Ba 0,054Aa
Phytagel 0,063Aa _ 0,046Ab

Parénquima lacunoso (pum)
Sacarose (g1

Agentes geleificante

15 30
Agar 0,08Bb 0,11Aa
Phytagel 0,11Aa 0,10Aa

Epiderme abaxial (Lm)
Sacarose (gD

Agentes geleificante

15 30
Agar 0,015Bb 0,018Aa
Phytagel 0,018Aa 0,016Bb

Médias seguidas das mesmas letras maiusculas, narttaljz letras mindsculas, na
vertical, ndo diferem entre si pelo teste de Tukey a S@ramabilidade.

Caracteristicas anatdémicas das folhas diferem enti@tamentos

O cultivo deP. paniculatasob diferentes condicfes luminosas nao alterou a
estrutura dorsiventral e anfiestomatica da lamina folservadan situ (Fig. 2). No
entanto, observacdes de imagens de microscopia de sz 3Fig4), evidenciaram
gue caracteristicas anatbmicas qualitativas das folha®#.dpaniculata foram
sensiveis aos tratamentos e apresentaram modificagdsnanho das células, na

espessura das paredes celulares e na densidade dos ¢lmsoplas

Em plantas cultivadas em &gar, em 15 g L-1 (Figs. 3A-3&ne30 gL -1

(Figs. 3G-3L) de sacarose, a nervura mediana ndo appasgteracdes anatdbmicas.
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Da mesma maneira, em plantas cultivadas em Phytagdl5> @i-1 (Figs. 3A-3F) e
em 30 gL -1 (Figs. 3G-3L) de sacarose, a nervura medianapnésentou alteracdes
evidentes na estrutura anatdémica.
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Figura 3. Efeitos da qualidade de luz e concentracdo de sacarfmseaanatomia
foliar de Polygala paniculata apos 45 dias de cultivin vitro. (A-F). Seccbes
transversais da nervura central em plantas cultivadasigar (A-C) 15 gt de
sacarose. ([E). 30 gL' de sacarose. (G-L). Seccdes transversais da nenfralce
em plantas cultivadas em Phytagel. (545 gL de sacarose. (I-L)30 gL de
sacarose. ead: epiderme face adaxial; eab: epidermalfaxel; fv: feixe vascular;
co: cortex; pp: parénquima palicadico. Barras: 100um.

A estrutura do mesofilo apresentou modificacbes conapi em ambos 0s
tratamentos (Fig. 4). Plantas cultivadas em ALF15 apresehtabo foliar com

estrutura anatdmica semelhante a observada em phktsisy tais como células
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epidérmicas volumosas, parénquima palicadico apresentasclistapostas com
paredes definidas e parénquima lacunoso com células vasmesespacos
intercelulares conspicuos (Fig. 4A). Plantas submetidagatamento A30LF, por
sua vez, apresentam mesofilo com menos espacgos intares] paredes celulares
muito delgadas e pouca distincdo entre os parénquimagadied e lacunoso (Fig.
4D). As plantas cultivadas em A15LB apresentam mesofim garénquima
palicAdico composto por células menos volumosas, corad@acelular mais
espessada e arranjo frouxo; o parénquima lacunoso apresdntas de menor
volume, alongadas periclinalmente e espagos interceldarspicuos (Fig. 4B). As
plantas submetidas A30LB (Fig. 4E) apresentaram mesofilo mais denso e
compacto; o parénquima palicadico apresenta células wlaisiasas e justapostas
com paredes celulares delgadas, enquanto o parénquima @epnesenta ceélulas
volumosas com paredes celulares esspessadas. Platvaslas em A15LAV (Figs.
4C), apresentaram mesofilo com parénquima palicadico composicélulas pouco
volumosas, de parede celular delgada e arranjo frouxo; @nquama lacunoso
apresenta ceélulas de menor volume, alongadas periclin@mentespacos
intercelulares conspicuos, mas 0 que se destaca nesameimto € a grande
densidade dos cloroplastos. As plantas submetidas ao trabam&OLAV
apresentam mesofilo com parénquima palicadico composto clntas mais
volumosas e justapostas com paredes celulares maissadg®s enquanto o
parénquima lacunoso apresenta poucas camadas de céngelak periclinalmente

com espacos intercelulares evidentes (Fij. 4F

Plantas cultivadas em Phytagel com 157 @bservadas pelas imagens de
microscopia de luz também evidenciam alteracfes das @dstichs anatdomicas
gualitativas e quantitativas que ndo foram mensuradas4(f-igs plantas cultivadas
em P15F apresentam o mesofilo composto por parénquima padigm células
com arranjo frouxo e parénquima lacunoso com células faxma e volume
variados e espacos intercelulares conspicuos (Fig. R@htas submetidas ao
tratamento P30F, por sua vez, apresentam mesofilo compaaosiituido por
parénquima palicadico com células justapostas; parénguinnaolo com células de
forma e volume variados e reducdo dos espacos intereslulgig. 4J). Plantas
cultivadas em P15LB apresentam parénquima palicadico eolsaucom células

volumosas, paredes celulares espessadas e espagosulaters (Fig. 4H). Plantas
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cultivadas em P30LB apresentam tecidos da nervura megdmndL) e do mesofilo
pouco diferenciados e compactos, com células volumasaslasma denso e ndcleo
conspicuo. Plantas submetidas ao tratamento P15LAV apnesqraeenguima
palicadico com células volumosas e justapostas e qanda lacunoso com células
volumosas e espacos intercelulares conspicuos eavglowente, preenchidos por
mucilagem. (Fig. 4l). Plantas submetidas ao tratamento ARBO(Fig. 4M)
apresentam parénquima palicAddico com células volumosasstapgstas e

parénquima lacunoso com células volumosas e espacaseint@res menos

evidentes.
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Figura 4. Efeitos da qualidade de luz e concentracdo de sacarogeasa@natomia
foliar de Polygala paniculataultivada em Phytagel, apds 45 dias de culiivaitro.
Seccgles transversais da nervura central (A, E, 1) émdw foliar (B, F, J) em
plantas cultivadas em Phytagel com 15'gle sacarose. Seccdes transversais da
nervura central (G, F, L) e do limbo foliar (D, H, M) gmantas cultivadas em
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Phytagel com 30 gtde sacarose. ba: bainha do feixe; ead: epiderme adaxial; eab:
epiderme abaxial; co: cortex; pl: parénquima lacunoso; ppngairéa palicadico.
Barras: 100pum.

DISCUSSAO
Qualidade espectral

A morfogénese das folhas d@ paniculatafoi responsiva a LF, onde
observou-se o aumento da espessura da lamina foliar, denepidéaxial e abaxial,
parénquima palilacunos@uando comparado aos tratamentos com LB e LAV,
similaridade com as caracteristicas da lamina foliar detqs ex vitra Esses
resultados estdo em consonancia com os resultadosvadze em Solanum
lycopersicum(Arena et al. 2016), quando cultivada sob as mesmas qualidades
espectrais do presente estudo. Entretanto, esses resulifetem dos estudos de
Seaeboet al. (1995) e Liet al. (2013, que indicaram que os comprimentos de onda
AV apresentaram resultados mais significativos sobamaaomia foliar e sobre o

desenvolvimento das plantas.

Em LF predominam comprimentos de onda com ampla vari@#ba 750
nm), com irradidncias ativas em faixas de espectros cemommportancia para a
fotossintese das plantas e com energia insuficienta @asenvolvimento das
mesmas (Kimet al. 2004; Gupta e Jatothu, 2013). Ao passo que, em LAV sao
disponibilizados os comprimentos de onda especificos, azul (450-#85rermelho
(620-750nm), fotossinteticamente importantes para as pkBithaergeet al. 1997,
Gupta e Jatothu, 2013; Alvarenga al. 2015), e responsaveis pela qualidade
morfofisioldgica das mesmas. Diante dessas cardatasisé comum se esperar que
plantas cultivadas em LAV deveriam apresentar melharess de desenvolvimento
e diferenciacdo adequada dos tecidos e Orgdos vegetais. tifdoemesultados
distintos como os dP. paniculatasugerem que as respostas das espécies vegetais

respondem de modos distintos a esse fator.

As respostas distintas entre as espécies vegetais panesiaconar-sea
demanda espécie-especifica da quantidade de cada comprimasdadéSilva et
al.,, 2016).0 uso de lampadas LED, além de permitir a determinacdo espeambéf

comprimentos ds onda fotossinteticamente importantes, azul e vermedm,
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lAmpadas monocromaticas, possibilita a mistura e combirteatdoceada entre esses
comprimentos de onda (Bello-Bellet al. 2016) e tem sido utilizada como um
recurso para aumentar a qualidade morfofisiologica dasapldBilvaet al. 2016;
Schuergeret al. 1997), tendo em vista o papel modulador especifico de cada um
deles (Gupta e Jatothu, 2013).

Tecidos como o parénquima palicadico se apresantarais delgados em
tratamentos com niveis de luz com baixo espectro (Bareeial., 1992), altos niveis
de luz vermelha e, ou baixo niveis de luz azul (Saebal. 1995) Estudos com
resultados semelhantes, observaram que pequenas alteragpesporcdes entre os
comprimentos de onda AV resultam em modificacdes signifamtna anatomia
foliar (Schuerger et al., 1997; Seebg et al., 1995; Kinal., 2004; Li et al., 2013) e
sobrevivéncia de plantas (Li et al., 2013). Es¥aservacdes sugerem que 0S niveis
de fotons AV estejam relacionados a ocorréncia céledes organelas celulares
integras e fotossinteticamente funcionais (Saslteal. 1995). Desse modo, que
ajuste dos niveis dos comprimentos de onda de onda azmrhello, para essa

espécie pssaconduzir a obtencdo de plantas com maior qualidade nsoiofjica.

O papel regulador dos espectros fotossintetizantes est@ciongldos a
fotorreceptores proteicos em plantas (Smith, 1982; Gyilaal. 2003). Os
fotorreceptores sdo ativados por comprimentos de onda éspecd, entdo,
modulam a expresséo de genes envolvidos em processogjitgislé diferenciacao
celular (Brigs e Olney, 2001; Gyukt al. 2003), o que pode induzir a uma maior
gualidade morfosiolégica das plantas. Dentre os efeitssedaspectros destaca-se a
atividade moduladora da luz vermelha sobre o aparato fotdgsintis plantas e
acumulo de grdos de amido em cloroplastos (Schuergeaal. 1997; Saeboet
al.1995), e da luz azul sobre a para sintese de clorofila exeddiacdo de
cloroplastos e estdmatos (Saeha@l. 1995, Liet al.2013).

As condi¢cBes de luz influenciam o metabolismo primérisecundario das
plantas (Szopa e Ekiert; 2016; Batistaal. 2016), embora os conhecimentos sobre
esses efeito ainda sejam fragmentados (Szopa e ERE1H. Folhas deP.
paniculata apresentam cavidades secretoras de 6leos essenciaslatiPietz al.
2011), que tem origem a partir do meristema fundamentaldoteprimario

responsavel pela diferenciagdo dos tecidos fundamem@isp os parénquimas
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palicadico e o lacunoso. Tendo em vista os efeitos diédade espectral sobre o
mesofilo dessa espécie e solwemetabolismo secundério, como 0s volatéss,
possivel que haja interacdo entre esses fatores etesesia acUmulo de Oleos
essenciais pelas cavidades secretoras presentes na(fdiremengaet al. 2015;
Batistaet al. 2016).

Concentracao de sacarose x agente geleificante

Plantas cultivadas em meios de cultura com agentedigpaiees possuem
contato fisico direto com o0s nutrientes e o utilizam cosoporte durante o
desenvolvimento (lvanova e Van Standen, 2011). A composictiatalidos agentes
geleificantes tem efeitos diretos sobre o desenvolvimentopldatas, mas essa
relacdo é espécie-especifica (lvanova e Van Standen, 20149y isso, deve ser
testada e comparada para a adequacao do protocolo a sedalfiReiset al. 2005).
Agar e Phytagel apresentaram efeitos distintos sobreeondggimento, crescimento
e anatomia foliar de plantas de. paniculata Plantas cultivadas em &agar
apresentaram-se morfologicamente mais desenvolvidas got®plcultivadas em
Phytagel, assim como observado Aloe polyphylla(lvanova e Van Staden, 2010),
onde os autores observaram maior desenvolvimento e idaratificmenores niveis

de hiperidricidade.

As diferencas observadas entre os tratamentos podenatrdauidas a
caracteristicas fisico-quimicas do meio, como a coragd dos agentes
geleificantes de cada meio (Debergh, 1983;ela@h2009; Ivanovaet al2010). O
agar apresenta concentracdo d& @ L', enquanto o Phytagel apresenta
concentracéo de 2.5 gLA diferenca na concentracéo se deve ao grau de firdez
meio de cultura que altera a difusdo e a mobilidade de rtegieragua disponiveis
no meio para os explantes em desenvolvimento (Ketnak 2003; Jairet al. 2009).
Desse modo, menores concentracdes podem favoreceesmaiveis de translocacao
e disponibilidade de agua e nutrientes as plantas, ao pass@ aumento da
concentracdo pode induzir a diminuicdo na absorcdo dssbatincias (lvanova e
van Staden, 2011).
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A despeito das diferengas citadas entre os agentesageitst, plantas de.
paniculata cultivadas em &gar apresentram maior espessura dos témlidoss
quando desenvolvidas em 30 ¢' de sacarose. No entanto, nesse tratamento
observou-se que as plantas apresentaram maior nimesthas pouco expandidas
e com paredes celulares pouco espess@&taxentracdes mais baixas de sacarose
por sua vez, nao induaim aumentos significativos na espessura dos tecidos, mas as
plantas submetidas a essa condi¢cdo apresentam plaitassncom menor nimero
de folhas, que no entanto, se apresentaram mais expaadidas paredes celulares
espessadasEssas diferencas podem relacionar-se aos efeitos cdaosa sobre
diferenciagdo ultraestrutural dos tecidos fotosskdates favorecendo a
diferenciacdo de plastideos com membranas desenvolvidesnseguentemente,
fotossintese e o crescimento as plantas (Serretl@T@000) Em adigdoo melhor
desenvolvimento de plantas cultivadas em agar em reé;tantas cultivadas em
Phytagel, pode estar relacionado a formacao de raizestregsenentpo que sugere
gue a presenca das mesmas pode ted@tc@mo um mecanismo compensatorio

para aumentar a absorcao de sacarose e agua.

CONCLUSOES

A variacdo na qualidade espectral, agentes geleificantescent@atédo de
sacarose induziu as diferencas morfoldgicas, alteragé@etitativas e qualitativas na
anatomia dé°. paniculata Os tratamentos com LF, em agar ou Phytagel, induziram
o desenvolvimento e a anatomia similares aos observadqdaetasex situ As
concentracbes de sacarose influenciaram o desenvolvimertspéeaie. Plantas em
agar apresentaram aumento da espessura foliar, das epidefaxés e abaxial,
parénquimas palicadico e lacunoso, quando cultivadas em™3Ceguanto plantas
cultivadas em Phytagel apresentaram aumento da espéskarse da epiderme
abaxial, quando cultivadas em em 15%gD melhor desenvolvimento das plantas
cultivadas em agar pode estar relacionado a formacadzds,ra que provavelmente
favoreceu a absorcdo de agua, sacarose e nutrientesraEidd ndo tenha
apresentado resultados significativos, mediante a immiat@los coprimentos de
onda azul e vermelho para a qualidade morfosiolégicareicuidas plantas, sugere-

se que o efeito das proporgdes entre esses comprimentodadsodre o crescimento
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e desenvolvimento seja investigado &m paniculata bem como suas respostas
ultraestuturais e sintese de compostos do metabolismodsgio.
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CONSIDERACOES GERAIS

A correta classificacdo de sitios secretores em @ar@asim como
informacdes sobre o seu desenvolvimento e caracteridtcsescrecdo e mecanismo
secretor devem ser subsidiados por estudos estsytuddtraestruturs e
histoquimios das estruturas secretoras. A realizacdo desses estnmBslygala
paniculatapermitiram a correta classificacdo e identificacacsities secretores de
Oleos essenciais na espédricomas unicelulares em folhas e cautzsvidades de
origem em folhas e células parenquimaticas no cortexralass secretam 6leos
essenciais, sendo que em tricomas e raizes predominagmagpie baixo peso
molecular, enquanto nas cavidades predominam terpenos geesdtonolecularO
desenvolvimento e processo secretor de tricomas e cavidaddgeen 0 mecanismo
de morte celular programa. Os dados ultraestruturais [remmittcompreender o
papel das organelas na sintese dos produtos secretadosprentorrelacionar a
ultraestrutura com as caracteristicas quimicas di@esctla secrecdo em cada sitio
secretor. Adicionalmente, foi possivel compreender osani®mos de sintese e
eliminacdo de susbténcias hidrofébicas, evidenciando pariitadas do processo

secretor em cada estrutura.
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Alteracdes na qualidade espectegjentes geleificantes e concentragédo de
sacarose durante o cultivo Be paniculatainfluenciam o crescimento da espécie e
induziram a alteragdes qualitativas e quantitativas narea foliar. O cultivo deP.
paniculatasob lampadas fluorescentes e em agar com 3baptesentou resultados
significativos em relacdo aos demais tratamentos. Desse, o cultivo in vitro de
P. paniculata sob essas condicbes é recomendando. No entanto, mediante
importancia dos comprimentos de onda azul e vermelho padiferenciagéo
adequada de organelas, células e tecidos, recomenda-sks@ @8 mesmos em
lamapadas LED monocromaticas ou em misturas balancea#asmodo a
compreender o papel modulador dos mesmos sobre essa.eApétises adicionajs
ultraestruturais, fisiolégicas e quimicas poderiam escta ainda mais os efeitos das
condicbes ambientais testadmbre as caracteristicas folhasRlepaniculata bem

como sobre as caracteristicas fotossintéticas.
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