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RESUMO

Guadua chacoensis € um espécie de bambu com colmos lignificados, da
familia Poaceae, nativo do bioma Mata Atlantica, que apresenta
restrigdes quanto a sua propagagdo vegetativa, sendo a propagacdo in
vitro uma alternativa promissora para a obtencdo de mudas desta
espécie. Este processo pode ser influenciado por varios fatores, tais
como a luz, e auséncia dela - estiolamento, uma vez que a luz esta
diretamente relacionada com a morfogénese das plantas. Diante do
exposto, o objetivo deste trabalho foi avaliar a influéncia do
estiolamento in vitro em plantas micropropagadas de G.chacoensis, por
meio de analises morfoanatdomicas, ultraestruturais e bioquimicas. Estas
analises foram realizadas em materiais vegetais coletados aos 0, 10, 20 ¢
30 dias de cultivo tanto de plantas mantidas no escuro quanto de plantas
mantidas sob luz do tipo LED branca (controle). Os resultados obtidos
na caracterizagdo morfologica de colmos de G. chacoensis
demonstraram uma promog¢ao no niamero de brotos gerados por explante
induzida pela luz, e ainda, que a altura dos colmos ndo diferiu
estatisticamente entre os dois tratamentos, provavelmente em fungdo do
aparecimento de caracteristicas de material estiolado nos colmos verdes
somente aos 20 dias de cultivo no escuro. O periodo de indugdo ao
estiolamento avaliado afetou o contetido de poliaminas livres em colmos
de G. chacoensis, visto que foram observadas variagdes nos conteudos
enddgenos de poliaminas totais, putrescina, espermidina e espermina.
Os conteudos endoégenos dos hormdnios acido abscissico (ABA),
giberelina (GA) e 4acido jasmonico (JA) reduziram em colmos
estiolados, indicando que a luz pode estar envolvida no mecanismo de
sintese destes fitormonio. Por sua vez, a zeatina (Z) manteve seus
contetidos similares na luz e no escuro. Pela analise histologica, por
microscopia Optica ndo foram observadas alteracdes drasticas entre os
colmos mantidos na luz e escuro. Ja na analise de microscopia eletronica
de transmissdo (MET) foi notado um acimulo de amido em diferentes
tempos de desenvolvimento na luz e no escuro e ainda, a presenga de
etioplastos ndo foi observada. Com base nos resultados obtidos, pode-se
concluir que o crescimento e desenvolvimento de plantas, bem como a
biossintese de poliaminas e hormdnios, foram afetados pelo
estiolamento, com reduc¢des em suas concentragdes, demonstrando a
importancia da luz na promocdo de respostas fisioldgicas in vitro em
colmos de G. chacoensis.

Palavras chaves: bambu, micropropagacdo, poliaminas, hormoénios
vegetais, morfoanatomia






RESUMO EXPANDIDO

Introducao

Os bambus sdo pertencentes a familia Poaceae, subfamilia
Bambusoideae e compreendem em torno de 1600 espécies distribuidas
globalmente. No Brasil sdo encontradas cerca de 250 espécies de
bambus, sendo que entre elas estd o Guadua chacoensis, uma espécie de
bambu do tipo lignificado e nativo da Mata Atlantica. Esta espécie
apresenta problemas quanto a sua propagacao, sendo necessario o uso de
micropropagagdo para a obtengdo de mudas. A micropropagagdo pode
ser afetada por diversos fatores, incluindo a luz, objeto do presente
estudo, que encontra-se diretamente relacionada com a morfogénese das
plantas. Nas plantas a luz é percebida por fotorreceptores tais como 0s
fitocromos. Uma vez que estes estdo em sua forma ativa as diversas
respostas fotomorfogénicas sdo geradas. Entretanto, uma vez que as
plantas estdo em condi¢do de crescimento na auséncia da luz, processo
este conhecido como estiolamento, diversas implicagdes podem ocorrer
em alguns processos, tendo como exemplos a diferenciacdo dos
cloroplastos, a biossintese de poliaminas e os teores endogenos de
hormdnios vegetais. Os cloroplastos fazem parte do grupo dos plastidios
que sdo organelas relacionados com diversos processos essenciais para
as plantas tais como fotossintese, armazenamento de amido, entre
outros. Todos os plastidios sdo gerados a partir do seu precursor
proplastidios, apresentando interconversao entre os diferentes plastidios.
Sabe-se que a diferenciacdo dos cloroplastos € um processo dependente
de luz, assim, uma vez que a luz ndo esteja presente pode ocorre a
diferenciacdo em etioplasto. O etioplasto ¢ o plastidio tipico do escuro,
que apresenta uma estrutura unica de corpo pro-lamelar conectado aos
pro-tilacdides e ainda auséncia de pigmentos fotossintéticos ativos,
possuindo apenas precursores de clorofila e carotendides. Como
consequéncia, plantas estiolados apresentam caules alongados e
coloragdo amarela a esbranquigada. Outro processo que podem ser
afetado pelo uso de estiolamento in vitro € a biossintese de poliaminas.
As poliaminas tais como putrescina, espermidina e espermina estdo
relacionadas a diferentes processos fisiologicos, tais como divisdo
celular, organogénese, embriogénese somatica, crescimento,
florescimento e senescéncia. Desta forma, a quantificagdo dos teores de
poliaminas pode auxiliar no entendimento do processo de estiolamento
in vitro de plantas micropropagadas de G. chacoensis. Além das
poliaminas, a quantificacdo dos teores endogenos hormonais podem
auxiliar na compreensdo deste processo e possiveis implicagdes. Isto



porque os hormonios agem como moléculas sinalizadoras que fazem a
percep¢do dos sinais externos e modulam a expressao génica.

Objetivos

Este trabalho teve como objetivo geral elucidar e investigar as altera¢des
morfoanatomicas, ultraestuturais e bioquimicas do processo de
estiolamento in vitro em plantas pré-estabelecidas in vitro de Guadua
chacoensis durante 30 dias de cultivo. Morfologicamente teve-se por
objetivo avaliar a altura de colmos e o nimero de brotos formados em
plantas submetidas ao processo de estiolamento in vitro e comparar com
as plantas mantidas sob luz branca. Anatomicamente e
ultraestruturalmente buscou-se caracterizar o processo de estiolamento
in vitro em colmos de G. chacoensis por meio de microscopia Optica e
microscopia eletronica de transmissdo e tragar um comparativo com
plantas mantidas em iluminagdo branca. Ainda teve-se como objetivo
quantificar e avaliar os teores de poliaminas livres e hormodnios vegetais
em diferentes tempos durante o estiolamento in vitro e comparar com o
material mantido sob luz branca.

Metodologia

Colmos de Guadua chacoensis pré-estabelecidos in vitro foram
individualizados e inoculados em frascos contendo 15 ml de meio de
cultura MS (Murashige e Skoog) suplementado com sacarose, vitaminas
de Morel, 6-benzil-amino-purina (BAP) e geleificado com Phytagel®.
Cada frasco continha 5 colmos e foram utilizados dois tratamentos:
indug@o ao estiolamento (escuro) e iluminagdo do tipo LED branca
(controle). Para a indugdo ao estiolamento utilizou-se papel aluminio
para simular o escuro. Estes frascos foram mantidos em sala de
crescimento a temperatura de 25 +£2°C e fotoperiodo de 16 horas. Foram
realizadas coletas aos 0, 10, 20 e 30 dias de cultivo para a caracterizagdo
ultraestrutural e bioquimica do processo de estiolamento in vitro. Os
materiais para as analises bioquimicas foram coletados e imediatamente
congelados em nitrogénio liquido e em seguida mantidos em ultra-
freezer até a realizagdo das quantificacdes de contetidos endogenos de
poliaminas e hormdnios vegetais, enquanto que o material para a
microscopia eletronica de transmissdo e Optica foram imediatamente
colocados em tampdo de fixacdo. Para a caracterizagdo morfoldgica
foram escolhidos aleatoriamente 5 frascos de cada tratamento, sendo que
estes foram identificados e utilizados ao longo do tempo para as
medi¢des de altura dos colmos e contagem do numero de brotos
gerados. Para a extragdo das poliaminas livres foram utilizadas 3



repeticdes de 300 mg de massa fresca de cada um dos tempos para os
tratamentos estiolado e luz e a quantificagdo foi realizada utilizando
HPLC (cromatografia liquida de alta eficiéncia) com detector UV
acoplado. Para a extragdo dos hormoénios vegetais utilizou-se 3
repeticdes de 100 mg de massa fresca de cada um dos tempos nos dois
tratamentos e a quantificacdo foi efetuada em UHPLC (cromatografia
liquida de ultra eficiéncia) com sistema acoplado de espectrometria de
massa sequencial (MS/MS). Para os dados obtidos para altura dos
colmos, numero de brotos, quantificagio de conteido enddgeno de
poliaminas livres e quantificagdo dos niveis hormonais vegetais fez-se o
teste da homogeneidade e uma vez homogéneos, estes dados foram
submetidos a analise de varidncia e posterior teste de separacdo de
médias SNK - Student-Newman-Keuls (p<0.05).

Resultados e Discussio

Os resultados encontrados neste trabalho evidenciaram que o
estiolamento in vitro pode provocar alteragdes morfologicas,
anatomicos, ultraestruturais e bioquimicos em colmos de G.chacoensis
durante 30 dias de cultivo. Analisando a caracterizagdo morfologica
observou-se que parametro de altura de colmos nio foi influenciado pela
inducdo ao estiolamento no periodo analisado neste estudo, uma vez que
colmos mantidos na luz e no escuro apresentavam em média 3,8 cm aos
30 dias de cultivo. A auséncia de diferengas significativas entre os
tratamentos esta de acordo com a auséncia de plantas totalmente
estiolados ao 30 dias. O numero de brotos gerados foi afetado pelo uso
do estiolamento, uma vez que materiais mantidos na luz apresentavam
em média 4 brotos aos 30 dias, enquanto que os materiais vegetais
estiolados apresentavam em média 2 brotos. Através da caracterizagdo
histologica por meio de microscopia Optica observou-se que o
estiolamento ndo afetou a configuragdo interna dos colmos durante 30
dias de cultivo. Uma unica diferengca encontrada foi a presenga de
células mais lignificadas na luz do que em materiais induzidos ao
estiolamento. Por sua vez, através das analises de ultraestruturalmente
foram observados presenca de grdos de amido na luz aos 10 dias e
decréscimo destes aos 20 e 30 dias, estando isto possivelmente
relacionado com o consumo destes como energia para o crescimento e
desenvolvimento dos colmos. Observou-se ainda a presenca do reticulo
periferial do cloroplasto aos 30 dias da luz, sendo que a funcdo exata
desta estrutura ainda ndo é conhecida. Ela pode estar relacionado com o
transporte de metabolitos ou ainda com o comportamento fotossintético
da espécie. Ja nos materiais vegetais induzidos ao estiolamento, embora



fosse esperando a presenca do etioplasto, ele ndo foi observado, sendo
visualizados somente cloroplastos com estrutura desorganizada aos 20 e
30 dias de cultivo. Visualizou-se ainda a presenca de cloroplastos em
estdgio de senescéncia aos 10 dias no escuro. Cloroplastos em
senescéncia foram observados também na luz aos 20 dias de cultivo.
Aos 30 dias de cultivo em condigdes de estiolamento foi observado a
formagdo de amiloplastos - plastidios armazenadores de amido,
evidenciando a ocorréncia de acimulo de amido ao longo do tempo.
Este acumulo pode estar ocorrendo como consequéncia da nao
utilizagdo do amido como fonte de energia por materiais mantidos no
escuro, sendo este resultado contrario ao que ocorre na luz. Em relagéo
as andlises bioquimicas foram observadas mudangas nos conteudos
enddgenos de poliaminas e hormonios em colmo de G. chacoensis
submetidos ao estiolamento in vitro quando comparados a luz branca. A
quantificacdo de poliaminas (PAs) livres totais na luz evidenciou que o
conteido endogeno destas PAs apresentaram um aumento na sua
concentracdo até o dia 20 em colmos mantidos na luz, seguida de um
decréscimo aos 30 dias. Para as poliaminas livres dos tipos putrescina,
espermidina e espermina observou-se que, de maneira geral, os
materiais mantidos na luz apresentavam maiores contetidos endogenos.
Assim, supde-se que estes resultados podem estar relacionados a
atividade dos fitocromos no processo de morfogénese in vitro e que a
producdo de poliaminas livres seria influenciada pela morfogénese in
vitro. Isto porque em materiais mantidos na luz a atividade dos
fitocromos favorece o processo de crescimento e desenvolvimento das
plantas e a biossintese de poliaminas também aumenta como resultado
da morfogénese. No processo de estiolamento, a atividade dos
fitocromos e as consequentes respostas morfogenéticas podem ser
inibidas, ocorrendo também um decréscimo nos contetidos endogenos
de poliaminas. A quantificagdo hormonal revelou que o processo de
estiolamento in vitro em colmos de G.chacoensis pode afetar a
biossintese de fitormdnios tanto positivamente como negativamente.
Para a zeatina (Z) ndo foram observados diferenca estatistica nos
conteudos endogenos de colmos mantidos na luz ou no escuro, ¢, ainda,
a zeatina foi o hormodnio mais predominante nos colmos de
G.chacoensis. Elevados teores de zeatina podem estar correlacionados
com o envolvimento deste fitormdnio nos processos de maturagdo e
desenvolvimento dos cloroplastos e ainda com a adi¢do de citocinina ao
meio de cultura. Na quantificagdo de acido abscissico (ABA) foi
observado decréscimo significativo nos teores endogenos dos colmos
mantidos no escuro quando comparado com os mantidos na luz. Isto foi



correlacionado com a diminui¢do dos conteudos de carotenodides obtidos
em matérias vegetais mantidos no escuro, uma vez que estes sao 0s
precursores da rota de biossintese de ABA. Na quantificacdo de
giberelina (GA) os teores obtidos para os colmos mantidos sob condi¢ao
de estiolamento permaneceram inalterados ao longo do tempo, enquanto
que na luz os valores foram aumentando ao longo do tempo. Sabe-se
que a biossintese de giberelina estd relacionada com a resposta
morfogenética, sendo portanto a o decréscimo na luz relacionada com as
alteragdes na morfogénese no escuro. Quanto aos teores de acido
jasménico (JA) foi demonstrado um acumulo em colmos de
G.chacoensis mantido na luz e um decréscimo quando mantidos no
escuro aos 30 dias de cultivo, evidenciando que o estiolamento in vitro
afeta a biossintese deste fitormonio.

Consideracoes finais

O estiolamento in vitro afetou os parametros morfologicos, histoldgicos,
ultraestruturais e bioquimicos de plantas pré-estabelecidas de G.
chacoensis. Morfologicamente foi possivel observar que plantas
mantidas na luz apresentaram um metabolismo mais acelerado,
resultado em maior nimero de brotos do que plantas mantidas no
escuro, sendo este valor duas vezes maior. Histologicamente ndo foram
observadas alteracdes drasticas provocadas pelo estiolamento, com
excecdo da presenca de células mais lignificadas na luz do que em
materias estiolados. A estrutura dos cloroplastos foi modificada como
consequéncia do uso do estiolamento e ndo foi observada a presenca de
etioplasto nas analises ultraestruturais. Observou-se uma correlagao
positiva entre a luz, respostas morfogénicas e biossintese de poliaminas.
Ainda notou-se que a biossintese de Z correlacionou-se positivamente
com a maturagdo dos plastidios enquanto que a biossintese de ABA
correlacionou-se negativamente com os teores endogenos de
carotendides no escuro. A auséncia de luz provocou diminui¢do nos
teores de GA e JA. Os resultados encontrados neste trabalho trouxeram
um maior entendimento a respeito dos efeitos do processo de
estiolamento in vitro em plantas de G. chacoensis e evidenciaram a
importancia da luz na promogdo de respostas fisiologicas. No entanto,
em trabalhos futuros serd importante deixar o material vegetal mais
tempo no escuro.

Palavras-chave: Guadua chacoensis, micropropagacido, morfogénese,
microscopia, poliaminas, hormdnios vegetais.






ABSTRACT

Guadua chacoensis is woody bamboo species, from the family Poaceae,
native from Atlantic forest biome, which presented restrictions in it
vegetative propagation, being the in vitro propagation a valuable tool to
obtain propagative material. This process can be influenced by a variety
of factors, including light or the absence of them - etiolation, as light is
direct correlated with plant morphogenesis. In this sense, the objective
of this study was to evaluate the influence of in vitro etiolation in
micropropagated plants of G. chacoensis through morphoanatomical,
ultrastrutural and biochemistry analysis. Plant material were collected at
0, 10, 20 e 30 days of culture in light and darkness treatments, and the
control used was white LED light. The results obtained in
morphological characterization of G. chacoensis culms showed an
improved number of shoots generated per explant in light, and the culms
height did not differs statistically between the two treatments, probably
as a result of the later starting of conversion of green culms in etiolated
culms, which started only at 20 days in darkness. The content of free
polyamines in G. chacoensis culms was affected by in vitro etiolation
during the time of evaluation, as the endogenous contents of total free
polyamines, putrescine, spermidine and spermine indicated variation.
Reduction in the endogenous levels of the phytohormones abscisic acid
(ABA), gibberellin (GA), jasmonic acid (JA) was observed in plants
kept in darkness, showing that light is involved in its biosynthesis
pathways. Differently, zeatin (Z) showed similar contents in light and
darkness conditions. Histological analysis through light microscopy did
not shows significant alteration in culms under light and darkness
conditions. Transmission electron microscopy analysis showed starch
accumulation in different stages of development in light and darkness
conditions, and, the presence of etioplast was not observed. Our results
showed that etiolation affects plant growth and development, as well as
polyamines and hormone biosynthesis, with reduction in its contents
during etiolation, showing the importance of light in the promotion of in
vitro physiological response in culms of G. chacoensis.

Key words: bamboo, micropropagation, polyamines, hormones,
morphoanatomy
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1 INTRODUCAO E JUSTIFICATIVA

Membros de um dos maiores grupos da familia das Poaceae -
gramineas, pertencentes a subfamilia Bambusoideae, os bambus
apresentam em torno de 1600 espécies e 120 géneros catalogados no
mundo (Soreng et al., 2015). Eles sdo considerados plantas de multiplos
usos em fungdo do seu potencial econdmico, social e ambiental
(Akinlabi; Anane-Fenin; Akwada, 2017).

A subfamilia Bambusoideae, ¢ subdivida em trés tribos:
Bambuseae, Arundinarieae e Olyreae, onde as duas primeiras tribos
abrangem bambus dos tipos lignificados tropicais, subtropicais e
temperados, enquanto a ultima inclui bambus do tipo herbaceo (Soreng
et al,2015).

Eles podem ser encontrados em uma diversidade de habitats e
possuem distribui¢do global, tendo como excegdo somente a Antartica
(Kelchner e BPG, 2013; Akinlabi; Anane-Fenin, Akwada, 2017). A
Asia ¢ conhecida por ser o maior centro de diversidade de espécies de
bambus, sendo a América do Sul o segundo maior, com um endemismo
de mais de 40% das espécies de bambus catalogadas no mundo
(Kelchner e BPG, 2013).

No Brasil, atualmente, sdo catalogadas 256 espécies nativas de
bambus, das quais 163 espécies sdo do tipo lignificados, e 93 sdo
herbaceos (Greco et al., 2015). Eles estdo localizados principalmente
nas regides remanescentes do bioma Mata Atlantica, onde sdo
encontradas aproximadamente 60% das espécies nativas do pais
(Filgueiras e Gongalves, 2004). Dentre estas espécies encontra-se o
Guadua chacoensis, um bambu do tipo lenhoso que apresenta potencial
de uso na construgdo civil e no artesanato (Akinlabi; Anane-Fenin;
Akwada, 2017). Sabe-se, porém, que embora a Mata Atlantica abranja a
maior biodiversidade do pais, as perdas sofridas nos Ultimos anos em
funcdo dos desmatamentos demonstram a necessidade de se buscar
formas de conservagdo das diversas espécies que nela habitam,
incluindo os bambus.

Métodos de propagacdo convencional de bambus apresentam
uma diversidade de problemas que os tornam invidveis para a obtencdo
de mudas em grandes quantidades. Eles apresentam ciclos de producao
de sementes bastante variados, sendo de aproximadamente 27 anos para
G. chacoensis, por exemplo, ¢ ainda estas sementes sdo de baixa
viabilidade (Sandhu; Wani; Jiménez, 2017). Além disso, métodos de
propagacdo vegetativa sdo trabalhosos, de baixo rendimento ¢ podem
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levar a degradacdo total ou parcial das touceiras (Azzini e Salgado
1993).

Frente a 1isso, técnicas biotecnoldgicas, tais como a
micropropaga¢do, vem sendo utilizada na propagacdo de bambus. A
organogénese corresponde a rota mais utilizada na micropropagacdo de
bambus, com diversos protocolos ja estabelecidos, para diferentes
espécies (Singh et al., 2013). A micropropagacdo pode ser afetada por
diversos fatores, sendo a luz um dos principais, visto que esta atua
diretamente no processo de morfogénese das plantas, afetando assim seu
crescimento e desenvolvimento. A técnica de estiolamento in vitro, ou
crescimento no escuro, tem auxiliado na micropropagagdo de outras
monocotiledoneas. Entretanto, pouco se sabe a respeito do
comportamento dos bambus e os potenciais efeitos causados pelo uso de
estiolamento in vitro, evidenciando a importancia de estudos na area.

No Brasil, os bambus vém ganhando seu espaco em diversos
setores devido ao imenso potencial e devido ao aumento dos estudos
relacionados a este grupo de plantas. O projeto intitulado "Tecnologias
para o desenvolvimento sustentavel da cadeia produtiva de Bambu no
sul do Brasil" (Chamada MCTI/A¢do Transversal/CNPq N.° 66/2013),
que esta sendo desenvolvido junto a Universidade Federal de Santa
Catarina no Laboratorio de Fisiologia do Desenvolvimento e Genética
Vegetal sob coordenacdo do Prof. Miguel Pedro Guerra, tem por
objetivos gerais identificar e superar os gargalos cientificos e
tecnologicos na cadeia produtiva de bambu. Dentre os 10 subprojetos
propostos neste grande projeto, esta dissertacdo encontra-se inserida no
subprojeto 2 denominado "Macro e micropropagagdo ¢ conservacio in
vitro de germoplasma de bambu", que tem por objetivo realizar estudos
relacionados a micropropagacao de espécies pré-estabelecidas, incluindo
Guadua chacoensis.

Desta forma, esta dissertacdo teve como objetivo a realizagdo de
estudos relacionados a técnica de estiolamento de plantas pré-
estabelecidas in vitro de G.chacoensis e comparar com plantas mantidas
sob iluminagdo do tipo LED branca por meio de analises
morfoanatdmicas, ultraestruturais e bioquimicas, que correspondem as
técnicas de microscopia Otica e eletronica de transmissdo, quantificagdo
de poliaminas livres e de hormodnios vegetais. Esta dissertagdo esta
subdivida em trés sec¢des, as quais correspondem respectivamente a uma
revisdo bibliografica seguida de dois capitulos, sendo que o primeiro
dele se refere a analise morfologica, a quantificagdo de poliaminas e
microscopia otica e o segundo a quantificagdo hormonal e microscopia
eletronica de transmissdo.
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2 OBJETIVOS
2.1 OBJETIVO GERAL

Investigar e elucidar as alteragdes morfoanatomicas,
ultraestruturais e bioquimicas de plantas pré-estabelecidas in vitro de
Guadua chacoensis durante o processo de estiolamento.

2.2 OBJETIVOS ESPECIFICOS

- Avaliar os pardmetros morfologicos de altura da parte aérea e o
nimero de brotos formados em plantas in vitro de G.
chacoensis durante o processo de estiolamento e comparar com
plantas mantidas sob iluminagdo branca.

- Quantificar e analisar os contetidos de poliaminas livres e
hormonios vegetais em diferentes tempos durante o
estiolamento in vitro de G. chacoensis e tragar um comparativo
com plantas mantidas sob iluminagdo branca.

- Analisar  anatomicamente e  ultraestruturalmente o
desenvolvimento de plantas in vitro de G. chacoensis
submetidas ao estiolamento e tragcar um comparativo com
plantas mantidas sob iluminagdo branca.
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3 REVISAO BIBLIOGRAFICA
3.1 OS BAMBUS, SUAS CARACTERISTICAS E DISTRIBUICAO.

Conhecidos como plantas de multiplos usos, os bambus tém
chamado a atengdo devido ao seu potencial de uso econémico,
ambiental e social (Akinlabi; Anane-Fenin; Akwada, 2017). Os bambus
vém sendo apontados como uma alternativa sustentavel de substituicdo
da madeira, pois estes apresentam colmos lignificados e crescimento
rapido (Clark; Londofio; Ruiz-Sanchez; 2015). Ainda, economicamente,
eles podem ser utilizados como matéria prima para a produgdo de
carvao, para a industria do papel, para a construgdo civil, como fonte de
fibras, na producdo de alimentos, para ornamentacdo, entre outros
(Singh et al., 2013). Além disso, os bambus apresentam beneficios
ecoldgicos ou ambientais, visto que podem ser utilizados na contengdo
de erosoes, na fixagdo de carbono, na conservagdo do solo e da agua e
na reabilitagdo de areas degradadas (Song et al., 2011).

Os bambus pertencem a um dos 12 grupos de gramineas, sendo
um dos maiores da familia Poaceae, apresentando 1641 espécies ¢ 120
géneros catalogados no mundo (Soreng et al, 2015). Sdo angiospermas,
monocotiledoneas, de crescimento rapido (Akinlabi; Anane-Fenin;
Akwada; 2017) e ciclo de vida longo (Singh et al., 2012).

Membros da subfamilia Bambusoideae, os bambus podem ser
divididos com base em suas caracteristicas moleculares e morfologicas
em trés tribos: Arundinarieae, Bambuseae e Olyrea (Sungkaew et al.,
2009; Kelchner e BPG, 2013; Soreng ef al., 2015). A tribo Bambuseae,
dos bambus lenhosos tropicais e subtropicais, possui cerca de 893
espécies em 68 gé€neros catalogados (Soreng et al., 2015), incluindo as
subtribos Guaduinae e Chusqueinae (Kelchner e BPG, 2013). Ja a tribo
Arundinarieae, dos bambus lignificados temperados, possui cerca de
621 espécies distribuidas em 31 géneros, enquanto na tribo Olyreae, dos
bambus herbaceos, sdo incluidas 127 espécies distribuidas em 21
géneros (Soreng et al., 2015).

Bambus do tipos lignificados e herbaceos apresentam diferengas
quanto a sua altura, nimero de ramifica¢des, tipo de colmos,
comportamento de florescimento e tolerancia ao sol. Os bambus do tipo
lignificados medem entre 1,0 e 35,0 metros, enquanto os herbaceos
medem menos de 2,0 metros, e em geral, os primeiros apresentam
ramificagdes complexas, enquanto os segundos apresentam ramificagdes
simples (Filgueira e Gongalves, 2004). Ainda, bambus do tipo
lignificados apresentam colmos lignificados e florescimento sazonal ou
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monocarpico, que ocorrem em geral entre 7 ¢ 120 anos e que apesar de
gerarem um numero grande de sementes, podem levar a morte da planta
parental (Kelchner e BPG, 2013). Por outro lado, bambus do tipo
herbaceos apresentam colmos pouco lignificados e florescimento anual,
que pode se estender por meses, sendo classificados como policarpico
(Clark; Londofio; Ruiz-Sanchez; 2015).

Outra maneira de classificagdo dos bambus é quanto a forma de
crescimento de seus rizomas como entouceirantes ou alastrantes. Nos
entouceirantes, ou de rizoma do tipo paquimorfo ou ainda simpodial,
novos rizomas sio produzidos horizontalmente na base de colmos pré
existentes e formam novos brotos, que crescem de maneira compacta e
formam touceira (Banik, 2015). Bambus com este tipo de rizomas se
desenvolvem bem em regides tropicais, como por exemplo, as espécies
Dendrocalamus asper e Bambusa vulgaris (Tombolato et al., 2012). Ja
nos alastrantes, de rizomas do tipo leptomorfo ou monopodial, os
rizomas sdo alongados e finos, € novos colmos originam-se de brotagdes
laterais advindas de um colmo principal (Banik, 2015). Eles se
desenvolvem melhor nas regides de clima temperado, como por
exemplo as espécies Phyllostachys edulis e P. aurea (Tombolato et al.,
2012).

Os Dbambus encontram-se distribuidos globalmente nos
continentes Americano, Africano e Asiatico, e ainda, recentemente
algumas espécies foram introduzidas no Europeu (Akinlabi; Anane-
Fenin; Akwada, 2017), sendo assim a Unica exce¢d0 o continente
Antartico (Fig. 1) (Sungkaew et al., 2009; Kelchner e BPG, 2013). Eles
estdo presentes desde o nivel do mar até acima de 4.000 metros de
altitude (Sungkaew et al., 2009), em solos variados - com exce¢do dos
solos alcalinos, de deserto e pantano (Akinlabi; Anane-Fenin; Akwada,
2017) e sua distribuigdo esta entre 51°N latitudinal no Japdo até 47°S
latitudinal no sul da Argentina (Yeasmin et al., 2015).

Eles encontram-se em uma variedade de hébitats, incluindo
florestas de planicies tropicais, temperadas deciduais, montanhosas,
umidas e de coniferas, desde as areas de clima temperado até de clima
tropical (Akinlabi; Anane-Fenin; Akwada, 2017). Em geral, os bambus
apresentam-se como dominantes ou em grande numero no meio da
floresta, sendo muitas vezes conhecidos como gramineas de floresta
(BPG, 2012; Clark; Londofo; Ruiz-Sanchez; 2015).

Embora os bambus sejam cosmopolitas, a distribuicdo das
espécies ndo ocorre de maneira igual. O continente Asiatico apresentam-
se como o maior detentor de riqueza de espécies (somente na China sdo
encontradas cerca de 626 espécies, enquanto a América do Sul, é a
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segunda no ranking de maior detentora de riqueza de espécies, sendo
Brasil, Venezuela e Colombia os paises que apresentam os maiores
nimeros de espécies em ordem decrescente (Bystriakova; Kapos;
Lysenko; 2004). Ainda, de acordo com Kelchner ¢ BPG (2013), 40%
das espécies de bambus conhecidas sdo endémicas das Américas.

Figura 1 - Distribuiéio mundial dos bambus representados na figura pela
coloragdo lilas - adaptado de Kelchner e BPG (2013).

No Brasil ja foram descritas cerca de 256 espécies nativas de
bambus, das quais 163 espécies sdo da tribo Bambuseae - bambus
lignificados, € 93 sdo da tribo Olyreae - bambus herbaceos (Greco et al.,
2015) (Fig. 2). Estas espécies encontram-se distribuidas em 34 géneros,
sendo 17 géneros de cada uma das tribos e ainda, de todas as espécies
brasileiras, 176 sdo consideradas endémicas, sendo a grande maioria
pertencentes a tribo Bambuseae (76% do total). Ainda, cerca de 60%
destas espécies estdo no bioma Mata Atlantica, seguido da Amazodnia e
do Cerrado (Filgueira e Gongalves, 2004).

A maior diversidade de espécies de bambus no Brasil encontra-se
no Sudeste - abrangendo cerca de 46,9% do total ou 120 espécies,
seguida de Norte, Nordeste, Sul e Centro- Oeste. J& em relagdo a
distribui¢do destas espécies em gé€neros, observa-se que 0 maior niumero
de géneros estd na regido Nordeste, seguida de Norte, Sudeste, Sul e
Centro-Oeste (Greco et al., 2015).

O sul do Brasil possui cerca de 63 espécies, sendo 8 da tribo
Olyreae e 54 da tribo Bambuseae e estas abrangem aproximadamente
38,2% do total de géneros de bambus encontrados no pais, comprimindo
13 géneros. Destas 63 espécies, 45 sdo consideradas como endémicas
(44 da tribo Bambuseae e uma da tribo Olyreae) o que corresponde a
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25,5% do total. Em Santa Catarina foram catalogadas 44 espécies, das
quais 40 pertencem a tribo Bambuseae, sendo 36 destas endémicas, e 4
da tribo Olyreae, sendo uma endémica (Greco et al., 2015).

REGIONS

21 Gen, 110, 10B
B North 88 spp. 610,27 B

25 Gen, 150, 10B
- Northeast g7 p. 430,44 B

R 13 Gen, 60,7
Center-West 31spp, 160,15B
1

B
5
21 Gen, 100, 11 B
B souteast 120 5pp, 24 0,95 B

S 13Gen, 50,8B
B soun 635pp, 90,54 B

| . 34Gen, 170, 17B
Brazil Total: 256 spp, 93 0, 163 B

E: Endemic
O: Olyreae
B: Bambuseae

Figura 2 - Distribuicdo dos bambus nos estados e regides brasileiras. Fonte:
Adaptado de Greco et al. (2015).

3.1.1 Guadua chacoensis

O género Guadua compreende aproximadamente 38 espécies de
bambus lignificados que se desenvolvem bem em regides tropicais, tais
como América do Sul e Central e abrangem os maiores bambus da
América tropical (Akinlabi; Anane-Fenin; Akwada, 2017), sendo
também o género de maior importancia econdmica direta das Américas
(Clark; Londofio; Ruiz-Sanches, 2015). Os maiores centros de
diversidade deste género estdo no Meéxico e América Central,
Amazonia, Planalto Central Brasileiro e costa da Bahia (Judziewich e
Clark, 2007).

Este género corresponde ainda a um dos cinco de maior
abrangéncia de espécies do Brasil. Segundo Filgueiras e Gongalves
(2004), 62,9% das espécies de bambus catalogadas no pais sdo
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pertencentes aos géneros Merostachys (23%), Chusquea (17%), Olyra
(7,8%), Pariana (7,8%) e Guadua (7%).

Espécies pertencentes a este género podem atingir 30,0 m de
altura e 20,0 cm de didmetro e sdo encontradas principalmente na
América do Sul e Central (Akinlabi; Anane-Fenin; Akwada, 2017),
desde o nivel do mar a 2200,0 m de altitude (Judziewich e Clark, 2007).
Por apresentarem colmos grandes, bambus deste género sdo comumente
utilizados na constru¢do civil ¢ na indastria, mas também no artesanato
(Chaowana, 2013).

Dentro do género Guadua, destaca-se a espécie Guadua
chacoensis (Rojas) Londofio & P.M. Peterson (Fig. 3), popularmente
conhecido pelo nome de taquarugu (Bencke et al., 2008) corresponde a
um bambu lignificado, nativo da mata Atlantica, que se distribui pelo
Brasil, Argentina, Paraguai e Uruguai (Guerreiro, 2014). No Brasil,
encontra-se distribuido nos 3 estados do da Regido Sul, na Regido
Sudeste, no estado de Sdo Paulo e na Regido Centro Oeste, no Mato
Grosso do Sul (Jardim Botanico do Rio de Janeiro, 2017).

G. chacoensis apresenta colmos robustos que chegam a atingir
mais de 20,0 m de altura ¢ 18,0 cm de didmetro. Seus colmos
apresentam espinhos (Fig. 3c), suas folhas possuem formato triangular e
faixas esbranquicadas ocorrem no colmo na regido dos nos (Fig. 3a). Em
geral, estes bambus crescem em florestas tropicais, muitas vezes
proximos de rios, € o ciclo de floracdo ¢ estimado entre 27-28 anos
(Vega e Hernandez, 2008). Seus principais usos incluem artesanato e
construgdo civil (Akinlabi; Anane-Fenin; Akwada, 2017).
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Figura 3 - Guadua chacoensis. a) vista geral da planta; b) destaque para a altura
dos colmos; ¢) detalhe dos espinhos nos colmos, indicados pela seta.
Fonte: Autora.

3.2 PROPAGACAO DE BAMBUS

Métodos tradicionais de propagagdo de bambus, tais como via
sementes ou vegetativa, tém se mostrado bastante ineficientes e
insuficientes na obtengdo de mudas de bambus (Singh et al., 2013).

A propagacdo via sementes ou sexuada apresenta como
limitagdes: a) floragdo esporadica e com grandes intervalos entre os
ciclos de produgdo de sementes (Bystriakova et al., 2003), visto que em
bambus lignificados, por exemplo, esta producdo pode ocorrer entre 7 e
120 anos (Kelchner e BPG, 2013); b) recalcitrancia e viabilidade baixa,
variando entre 3 e 6 meses (Sandhu; Wani; Jiménez, 2017); ¢) consumo
destas sementes por animais selvagens, tais como roedores e passaros
(Saxena, 1990; Sandhu; Wani; Jiménez, 2017), d) comportamento
monocarpico de algumas espécies de bambus, nas quais o florescimento
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¢ seguido pela morte da planta (Singh et al, 2013) e ainda e)
uniformidade genética incerta (Sandhu; Wani; Jiménez; 2017).

A propagacdo vegetativa, por meio de subdivisdo de touceiras,
plantio de colmos, corte de ramos e macropropagacdo (Singh et al.,
2012) apresentam como limitagdes do método: a) baixo rendimento; b)
alta exigéncia de mao-de-obra; c) destruicdo total ou parcial da planta
matriz (Azzini e Salgado, 1993); d) dificuldade de transporte, visto que
em sua maioria sdo volumosos e grandes (Saxena, 1990); e) coleta do
material dependente do estagio e época do ano, que sdo em geral
restritos (Sandhu; Wani; Jiménez, 2017).

Frente a isto, a cultura de tecidos, ou micropropagacdo, vem
sendo vista como uma alternativa para a propagacdo de bambus, que
pode contornar as limitagdes apresentadas pelos métodos tradicionais
(Singh et al., 2013) e permitir que seja atendida a demanda de produgao
de mudas de bambus (Goyal e Sen, 2016). Através desta técnica obtém-
se uma rapida multiplicacdo, visto que ¢ gerados um grande numero de
plantas em um tempo reduzido, e a conservagdo de germoplasma, bem
como a disponibilidade de material sdo assegurados (Mudoi et al,
2013).

Embora os primeiros relatos de micropropagagdo de bambus
datam em 1968, quando Alexander e Rao obtiveram a primeira
germinacao in vitro de sementes de Dendrocalamus strictus, a atengao
dos pesquisadores tem se voltado para estudos nestas espécies somente
nos ultimos anos (Mudoi et al., 2013).

Duas rotas morfogenéticas distintas podem ser utilizadas na
micropropagagdo de bambus: embriogénese somatica e a organogénese.
A embriogénese somatica (ES) ¢ o processo no qual uma ou varias
células somaticas se diferenciam em embrides somaticos, sendo que
estes embrides apresentam estrutura analoga aos embrides zigoticos,
com eixos bipolares que nao exibem conexdes vasculares com o tecido
parental (Von Arnold et al., 2002). Este processo pode ocorrer de
maneira direta ou indireta, sendo que na embriogénese direta, o embrido
somatico ¢ originado diretamente do explante, e na indireta estes se
desenvolvem apo6s uma fase intermediaria de calos (Lin; Huang; Fang,
2012).

Por sua vez, a organogénese, corresponde a rota de propagacao
em que os explantes sdo induzidos a originarem uma estrutura unipolar,
sendo gerados brotos ou raizes, de acordo com os estimulos dados. O
uso de brotos maduros, juvenis e axilares, como explantes para a
organogénese de bambus, tem se mostrado bastante eficientes, sendo
atualmente gerados protocolos para cerca de 54 espécies (Singh et al.,
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2013). Tendo em vista algumas vantagens apresentadas por materiais
micropropagados a partir de brotos, tais como maior estabilidade
genética e consequente menor variagdo somaclonal, a organogénese tem
se mostrado a via mais promissora para a micropropaga¢do de bambus
(Singh et al., 2013).

3.3 O ESTIOLAMENTO E POSSIVEIS IMPLICACOES

O sucesso da micropropagagdo ¢ dependente de uma variedade de
fatores que incluem selecdo de explante, composi¢do do meio de cultura
- fitorregulares, fonte de carbono, pH, tempo de subcultivos e condi¢des
de crescimento e desenvolvimento oferecidos, incluindo temperatura e
qualidade e intensidade luminosa (Singh et al, 2013; Goyal e Sen,
2016).

Para os bambus, a formulagdo salina MS - Murashige ¢ Skoog
(Murashige and Skoog 1962), suplementada com fonte de carbono, tem
sido amplamente utilizada e vem apresentando resultados satisfatorios
(Singh et al., 2013). Além disso, sabe-se que os fitorregulares mais
utilizados na micropropagagdo de bambus sdo as citocininas, tais como
6-benzilaminopurina e benzil adenina, e as auxinas, incluindo acido
indolacético, acido naftaleno acético e 2,4 acido diclorofenoxiacético
(Goyal e Sen, 2016). Contudo, em relagdo as condi¢des de cultivo,
sobretudo relacionadas a luz, diversas sdo as areas a serem exploradas.

A luz estd diretamente relacionada com o desenvolvimento e
crescimento de plantas, de forma que a morfogénese in vitro ¢é
dependente do comprimento de onda (qualidade), fotoperiodo e
intensidade luminosa. Durante o crescimento das plantas, tanto o uso de
diferentes espectros de luz, como a auséncia de luz - processo este
conhecido como estiolamento (George; Hall; De Klerk, 2008), podem
influenciar na organogénese e a proliferacdo de brotos e raizes em
cultivos in vitro (Moshe e Dalia, 2007).

A percepgdo da luz pelas plantas ocorre por meio da agdo de
diversos fotorreceptores, tais como criptocromos, fototropinas e
fitocromos (Briggs e Olney, 2001). Os criptocromos sdo responsaveis
por mediar as respostas a luz azul e radiacdo UVA, enquanto que as
fototropinas atuam em respostas da luz azul, radiagdo UVA e verde
(Casal, 2000). Ja os fitocromos medeiam as respostas a luz vermelha e
vermelha distante, e possuem duas formas fotoreversiveis: Pfr
(vermelho-distante) e Pf (vermelho), sendo a primeira delas a forma
fisiologicamente ativa. A familia dos fitocromos € composta por 5
genes: phy A- E, sendo que o phy A é o que apresenta maior relagdo
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com estiolamento, uma vez que este fitocromo é o mais abundante no
crescimento do escuro de sementes (Li ez al., 2011).

A acdo destes fotorreceptores desencadeia as diversas respostas
fotomorfogénicas, por meio da regulagdo da expressio de genes
envolvidos neste processo (Quail et al., 2002). Por outro lado, quando as
plantas estdo em condigdes de auséncia de luz, os fitocromos sdo
convertidos em sua forma biologicamente inativa e sob estas condi¢des
pode ocorrer a ativagdo de repressores, que bloqueiam as respostas
fotomorfogénicas (Xu et al., 2015).

Plantas que crescem no escuro em geral apresentam
caracteristicas tipicas de plantas estioladas, tais como a coloragdo
amarela a esbranquicada, devido a presenga de aparatos fotossintéticos
ndo funcionais, e o alongamento da parte aérea (George; Hall; De Klerk,
2008). Em plantas estioladas, a diferenciacdo de proplastidios em
cloroplastos pode ser comprometida, visto que este processo ¢€
considerado dependente de luz, podendo assim ocorrer a diferenciagdo
em etioplastos ao invés de cloroplastos (Staehelin, 2005). Uma vez
expostas a luz, plantas estioladas passam rapidamente a responder aos
estimulos gerados por ela, ¢ os etioplastos sdo convertidos a cloroplastos
(Wise, 2007), permitindo assim que estas plantas voltem a se
desenvolver normalmente.

A diferenciagdo dos cloroplasto, a agdo de fitocromos nas
respostas fotomorfogénicas e a biossintese de poliaminas e hormodnios
vegetais podem ser influenciados pelo uso do estiolamento in vitro. Esta
técnica pode ser utilizada como objeto de estudo da influéncia direta ou
indireta da luz, nestes processos e serdo analisadas em maiores detalhes.

3.3.1 Diferenciacio dos cloroplastos

Os plastidios correspondem a um grupo de organelas envolvidas
em processos fundamentais do metabolismo das plantas tais como
fotossintese, sintese de lipideos ¢ amido e assimilacdo de nutrientes
(Wise, 2007). As formas mais conhecidas de plastidios incluem
proplastidios, cloroplastos, etioplasto, gerantoplasto, cromoplasto e
leucoplastos - incluindo amiloplastos e estes sdo conhecidos pela sua
capacidade de interconversdo entre estas diversas formas (Solymosi e
Keresztes 2012; Lindquist; Solymosi; Aronsson, 2016).

Os proplastidios correspondem a forma nio diferenciada da qual
os demais plastidios sdo gerados e estdo presentes em tecidos
meristematicos, reprodutivos e desdiferenciados (Lindquist; Solymosi;
Aronsson, 2016). A diferenciacdo de proplastidios nas demais formas
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acontece de acordo com os estimulos recebidos. Por exemplo,
proplastidios se diferenciam em cloroplastos quando na presenga da luz,
entretanto, se a luz estiver ausente, estes podem se diferenciar em
etioplastos (Staehelin, 2005).

Os cloroplastos sdo responsaveis pelas reagoes da fotossintese e
correspondem ao tipo de plastidio do qual se tem maior conhecimento
de suas caracteristicas, tanto bioquimicas como fisiologicas (Solymosi e
Aronsson, 2013). Estas organelas possuem aproximadamente de 5-10
um de diametro e sdo delimitadas por uma dupla membrana (Lindquist;
Solymosi; Aronsson; 2016), que age no transporte de metabdlitos,
proteinas e lipideos para o exterior dos cloroplastos (Staehelin, 2005).
No interior do cloroplastos estd o estroma, uma matriz aquosa contendo
ribossomos, graos de amido, plastoglobulos e tilacéides (Stachelin,
2005). Os tilacdides sdo as membranas nas quais ocorrem as reagdes
fotossintéticas e em geral sdo encontradas em pilhas, denominadas
grana que estdo interconectadas entre si (Solymosi e Keresztes, 2012).
Os plastoglobulos correspondem a corpos lipidicos que podem ser
encontrados proximos ou conectados as membranas dos tilacdides
(Bréhelin; Kessler; Wijk, 2007), sendo que a quantidade presente nos
cloroplastos varia de acordo com o estadgio de desenvolvimento (Austin
et al., 20006).

Os ctioplastos correspondem aos plastidios que podem ser
formados durante o desenvolvimento no escuro (Wise, 2007). Eles
apresentam caracteristicas Unicas, como a presenga de um corpo pro-
lamelar (PLB), que encontra-se conectado as membranas pro-tilacoides,
onde estdo localizados os precursores de clorofilas e carotenoides
(Solymosi e Keresztes, 2012). Etioplastos possuem aproximadamente 1-
5 um de diametro e podem conter plastoglobulos e grios de amido em
seu interior (Solymosi ¢ Aronsson, 2013).

A diferenciagdo dos cloroplastos, por ser um processo totalmente
dependente de luz, pode servir de ferramenta para os estudos das
respostas de morfogénese de plantas induzidas a condigdo de
estiolamento, bem como revelar as respostas resultantes deste processo
de estiolamento na interconversdo dos diferentes tipos de plastidios.

3.3.2 Biossintese de poliaminas

As poliaminas (PA) correspondem a pequenas moléculas
alifaticas de amina, tais como putrescina (Put), espermidina (Spd) e
espermina (Spm) (Bouchereau et al, 1999). Elas sdo equivalentes
respectivamente a diamina, triamina e tetraamina, sendo estas as formas
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de poliaminas mais encontradas em plantas (Tiburcio ef al., 2014). Elas
estdo presentes tanto na forma livre como na conjugada, sendo esta
ultima especialmente com compostos fendlicos (Evans e Malmberg,
1989).

Estas moléculas estdo frequentemente associadas com diversos
processos fisiologicos que afetam o crescimento e desenvolvimento de
plantas, incluindo divisdo celular, embriogénese, organogénese,
enraizamento, crescimento do tubo polinico, florescimento, senescéncia,
bem como nas respostas a estresses bidtico e abiodtico (Evans e
Malmberg, 1989; Tiburcio et al., 2014).

A biossintese das poliaminas em plantas pode ocorrer por meio
de duas rotas diferentes: ODC - ornitina descarboxilase e ADC -
arginina descarboxilase (Alcazar et al., 2006) (Fig.4). A rota ODC ¢
conhecida como rota direta, visto que a producdo de putrescina ocorre
diretamente ela acdo da enzima ornitina descarboxilase, enquanto que a
ADC ¢ conhecida como indireta, ja que a transformacao da arginina em
putrescina ¢ dependente da ag@o de arginina descarboxilase e mais duas
enzimas (Alcazar et al., 2006; Baron e Stasolla, 2008).

A Dbiossintese de espermidina e de espermina se da a partir da
formacdo da putrescina (Fig.4). A adicdo de um grupo aminopropil a
putrescina por meio da enzima espermidina sintase resultarad na
producdo de espermidina. Ja a adigdo subsequente de um grupo
aminopropil pela espermina sintase a uma molécula de espermidina
previamente formada, resultara na producdo de uma espermina. Estes
grupos aminopropil sdo gerados a partir da S-adenosilmetionina (SAM)
pela acdo da enzima S-adenosilmetionina descarboxilase (SAMDC).
Além da SAM participar da biossintese das poliaminas, gerando novos
grupos aminopropil, ela participa da rota de biossintese de etileno
(Alcazar et al., 2006), podendo assim a biossintese de um afetar na
biossintese do outro.
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Figura 4 - Esquema simplificado das rota ADC e ODC de biossintese de
poliaminas. Fonte: Adaptado de Alcazar et al. (2006).

Devido ao seu envolvimento em diversos eventos de
desenvolvimento das plantas, algumas vezes as poliaminas sdo
classificadas como hormonios vegetais. Entretanto, estas ndo podem ser
classificadas desta forma, pois a quantidade de poliaminas necessarias
para efeitos bioldgicos ¢ bem maior que a quantidade de hormoénio
necessaria (Evans e Malmberg, 1989; Kerbauy, 2004). Enquanto as
poliaminas sdo encontradas nas plantas em concentra¢cdes na ordem de
milimolar, os hormodnios s3o em niveis de micromolar (Evans e
Malmberg, 1989).

Poliaminas estdo ainda diretamente relacionadas com respostas
aos estresses bioticos e abiodticos, conforme demonstrado em diversos
estudos (Hussain et al, 2011; Tiburcio et al, 2014; Minocha;
Majumdar; Minocha; 2014). Entretanto, nenhum destes trabalhos relata
o uso do estiolamento, evidenciado a necessidade de um maior
entendimento deste processo.

Diante do envolvimento das poliaminas em processos de
crescimento e desenvolvimento de plantas e resposta ao estresse, a
quantificacdo de poliaminas de plantas micropropagadas de G.
chacoensis submetidas ao estiolamento pode evidenciar uma influéncia
das poliaminas também neste processo.
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3.3.3 Teores endogenos de hormdnios vegetais

As plantas, por serem organismos sésseis, precisam se adaptar
rapidamente, tanto em niveis fisiologicos como moleculares, as varias
alteragdes impostas pelo ambiente para se manterem vivas (Pandey et
al., 2017). Os hormonios vegetais tém sido considerados chave no
processo de adaptacdo das plantas as diversas flutuagdes ambientais,
visto que estes fazem a integragdo dos sinais externos com o0s sinais
internos das plantas (Stamm e Kumar, 2010) e assim, coordenam seu
desenvolvimento (Wolters e Jiirgens, 2009).

Os hormdnios vegetais ou fitohorménios sdo biomoléculas de
baixo peso molecular, que agem em baixas concentracdes nas plantas,
funcionando como moléculas sinalizadoras (Wolters e Jirgens 2009;
Erland et al.,, 2017). Entre os principais hormonios vegetais incluem-se
as auxinas, citocininas, giberelinas, brassinosterdides, acido abcisico,
acido jasmonico e etileno (Wolters e Jiirgens, 2009; Stamm e Kumar,
2010).

Por serem moléculas sinalizadoras, a atuacdo dos hormonios
ocorre por meio da percepcao dos sinais externos, seguida da modulagdo
da expressdo génica (Kohli et al, 2013). Eles atuam nos processos de
crescimento, desenvolvimento e adaptagdo, bem como nos processos
fisiologicos e em resposta a estresse (Pandey et al., 2017; Erland et al.,
2017).

Alteragdes nos teores hormonais podem ser percebidos como
resposta ao estresse em algumas plantas, mas, esta resposta ¢ variavel de
acordo com o condi¢do de estresse e o genotipo (Kohli et al., 2013).
Desta forma, a quantificagdo hormonal de plantas micropropagadas de
G. chacoensis submetidas ao estiolamento podem ser uma informagao
importante sobre este processo.
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4 - CAPITULO 1 - Morphohistological features and free polyamine
contents of Guadua chacoensis (Rojas) Londofio & P.M. Peterson
culms subjected to in vitro etiolation process

Abstract

Native from the Atlantic forest biome, Guadua chacoensis is a woody
bamboo that presents limitation in its conventional methods of
propagation. In this context, micropropagation though organogenesis
arises as a valuable tool for bamboo in vitro propagation. Light is an
important factor that affects micropropagation and can be used to
elucidate modifications in plant morphogenetic responses. In this study,
we evaluated the effects of in vitro etiolation process in morphological
and histological features, as well as free polyamine levels
characterization of G. chacoensis culms. Our results regarding
morphological features showed that green plantlets started to etiolate
after 20 days in darkness, with only the neoformed culms generally
presenting etiolated features. Furthermore, culms heights did not show
considerable difference between light and darkness conditions. On the
other hand, the shoot number generated per culm was twice higher in
light than in darkness condition. Endogenous contents of free
polyamines were influenced by the light regime. Additionally, a
correlation between polyamine content, phytochrome action and
photomorphogenesis  response was  hypothesized.  Histological
characterization of culms of G. chacoensis under light and darkness
conditions showed difference in vascular bundle size, which appeared
smaller in darkness conditions along the evaluation time.

Keywords: bamboo,  micropropagation;  polyamine  levels;
photomorphogenesis response
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4.1 Introduction

Bamboos correspond to one of the biggest group of grass family
(Poaceae), subfamily Bambusoideae and comprise 1641 species and 120
genera around the world (Soreng et al. 2015). They are distributed in all
continents, except Europe and Antarctica, from sea levels to high
altitudes, and Americas comprise about 40% of endemic bamboo
species (Kelchner and BPG 2013). In Brazil, it is already characterized
256 native species, divided in 34 genera, and most of them belong to
Bambuseae tribe (Greco et al. 2015).

Guadua genus belongs to the group of woody bamboos (tribe
Bambuseae) and comprises the biggest bamboos of tropical America
(Akinlabi, Anane-Fenin and Akwada 2017), including Guadua
chacoensis (Rojas) Londonio & P.M. Peterson (Londofio and Peterson
1992), a native bamboo from Atlantic forest (Guerreiro 2014).

Micropropagation is a valuable tool for bamboo propagation, which
provides large-scale multiplication (Singh et al. 2013) in short time and
allows germplasm conservation (Mudoi et al. 2013). Bamboo
micropropagation can be achieved using axillary shoots and nodal
segments as explants, where the explants are stimulated to develop new
shoots (Sandhu et al. 2017).

In vitro propagation can be affected by many factors; however,
among them, light is one that have directly influence in plant
development and growth. Plant response to light, depends on the
photoperiod, wavelength and intensity (Moshe and Dalia 2007). The
perception of light by plants depends on the action of photoreceptors,
such as phytochromes (Shikata et al. 2015). Phytochromes are presented
in two different forms: biologically inactive (Pr - red absorbing) and
biologically active (Pfr - far-red absorbing) which are reversible.

The inactive form is synthesized in the cytosol (Baba-Kasai et al.
2014) and can be converted to Pfr by the absorption of red light
(Franklin and Quail 2009). As a consequence of the Pfr activation
forms, a signal transduction pathway is activated in nucleus and gene
expression related to photomorphogenesis is altered (Quail 2002). In
consequence, responses such as cell differentiation, plastid
development, germination, hypocotyl elongation (Mathews et al. 1995)
and seedling de-etiolation (Quail 2002) can occurs.

Among the phytochrome family, phytochromes A (phyA) and B
(phyB) are considered the most important ones (Franklin and Quail
2009). The phyA family is the most predominant form during darkness
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growth, while phyB is the most predominant in light-growth plants (Li
et al. 2011). Additionally the Pr form, or the inactive form, is present
during dark growth (Jumtee et al. 2008). Previous studies in Arabidopsis
thaliana have showed the interaction between phytochromes and light in
different process, such as polyamine biosynthesis (Jumtee et al. 2008),
regulation of primary metabolism with focus in starch production (Han
et al. 2017) and in the photomorphogenesis response (Sheerin et al.
2015).

Darkness, as well as light, affects in vitro plant morphogenesis
(Moshe and Dalia 2007). The process of plant development in the
absence of light is known as etiolation. Etiolated plants spend energy in
rapid elongation of hypocotyl and present yellow to white color, and
nonfunctional photosynthetic apparatus (George et al. 20008). However,
as light is supplied, the nonfunctional photosynthetic apparatus is
rapidly reverted to functional apparatus (Solymosi and Kereszles 2012).
Etiolation can also be seen as an abiotic stress in plant development,
thereby can influence polyamines endogenous levels and culm anatomy.

Polyamines (PAs) correspond to small aliphatic molecules of amines,
positively charged, such as diamine putrescine (Put), triamine
spermidine (Spd) and tetraamine spermine (Spm), found in almost all
plant cells (Bouchereau et al. 1999; Minocha et al. 2014; Tiburcio et al.
2014). Putrescine is the precursor of the other two forms, and in plants,
its synthesis can occur thought two pathways: decarboxylation of
ornithine or arginine by ornithine decarboxylases (ODC) or arginine
decarboxylases (ADC), respectively (Alcazar et al. 2006; Hussain et al.
2011).

With  Put biosynthesis, aminopropyl groups formed by
decarboxylation of S-adenosyl-methionine (SAM), are added to Put and
generate Spd, and the successive addition of aminopropyl groups to Spd
generate Spm (Pang et al. 2007). The involvement of PAs in response to
biotic and abiotic stress has been related in previous studies (Alcazar et
al. 2006; Alcazar et al. 2010; Hussain et al. 2011; Tiburcio et al. 2014;
Minocha et al. 2014) However, stress response is variable according to
plant species and time of exposure to stress (Liu et al. 2008) and studies
demonstrating the PAs endogenous levels in in vitro culture of bamboos
under stress conditions were not found.

The morphoanatomical characterization of bamboo culms can helps
in the determination of bamboo usability (Grosser and Liese 1971;
Londofio et al. 2002). Most of the studies found in bamboo culms
characterization are carried with culms in field conditions (Metcalfe
1960; Grosser and Liese 1971; Liese 1985; Liese 1987; Londoifio et al.
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2002; Agrasar and Rodriguez 2003), demonstrating the necessity of
studies in micropropagated plantlets. The following tissues compose
bamboo culms: epidermis, hypodermis and cortical parenchyma;
parenchyma; vascular bundles, composed by xylem - metaxylem,
protoxylem, phloem - sieve tubes and sclerenchyma sheet; and fibers
(Metcalfe 1960; Liese 1987; Londofio et al. 2002). Parenchyma cells are
the most predominant tissues found in bamboo culms, representing 51%
of culm composition in Guadua angustifolia, followed by 40% fibers
and 9% conducting cells (Londofio et al. 2002).

In this sense, the present study investigated the morphological
features, free polyamine levels and histological characteristics of in vitro
culms of G. chacoensis subjected to in vitro etiolation process.

4.2 Material and Methods
4.2.1 Plant material

Nodal segments of G. chacoensis were in vitro introduced according
to Ornellas et al. (2017), with some modifications. The multiplication
culture medium consisted of MS basal salts (Murashige and Skoog
1962) supplemented with Morel vitamins (Morel and Wetmore 1951),
30 g L' of sucrose, 13 uM of 6-benzylaminopurine (BAP), and gelled
with 2 g L of Phytagel®. The pH was adjusted to 5.8, prior to
autoclaving for 20 minutes at 121°C, 1.5 atm. The cultures were kept in
shelves with white LED light (Green Power TLED W; PhilipsTM; 77
par) at 25 +2°C and 16 h photoperiod. Subculturing was performed
every 30 days to a fresh culture medium.

4.2.2 Etiolation induction experiment

For the in vitro etiolation induction, we used thoroughly
individualized culms, measuring between 2,0 and 3,0 cm (Fig. 1a) in
flasks containing 30 ml of MS-multiplication medium.

For this experiment, culms were subjected to two growth
conditions: darkness and white LED light (Green Power TLED W;
PhilipsTM; 77 par).

The experiment was conducted in a completely randomized design,
with 65 flasks per treatment, each one containing five individualized
culms. The flasks used for induction of etiolation (darkness condition)
were wrapped with aluminum foil in order to maintain the darkness
condition. All flasks were kept in the same growth room at 25 +2°C, 16
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h photoperiod. Culms samples were collected at 0, 10, 20 and 30 days
after inoculation, being fixed for light microscopy analysis or stored in -
80 °C ultrafreezer for polyamine analysis.

4.2.3 Morphological characterization of culms

Morphological characterization of culms were performed by
measuring the culm length (cm) and counting the neoformed shoots per
culm explant at 0, 10, 20 and 30 days of light or darkness treatment.

For this characterization, five flasks from each treatment were
randomly selected.

After the verification of the variance homogeneity of the data sets,
data quantified was subject to analysis of variance (ANOVA). Student-
Newman-Keuls (SNK) post-hoc test (p<0.05) was used and the
statistical analysis were performed using the software Statistica”.

4.2.4 Polyamines quantification

Polyamines quantification was performed according to Silveira et al.
(2004). Three samples (300 mg fresh mass) for each treatment and each
collection time were used for polyamine extraction. Briefly, samples
were ground in liquid nitrogen, 1.6 ml of 5% perchloric acid (v/v) were
added, and the extracts were incubated in room temperature for 1 h.
Then, the microtubes were centrifuged for 20 minutes at 4°C and 20.000
g, and the supernatant were collected. The extracted material was
dansylated according to the method described by Silveira et al. (2004).

PAs quantification was performed in HPLC with reverse-phase
column C18 (Shimadzu Shim-pack CLC ODS). Mobile phase consisted
of 10% acetonitrile in milli-Q water (pH 3.5 adjusted with HCl 1N) and
absolute acetonitrile HPLC grade. The flow rate was 1,0 mL min" a
40°C. A fluorescent detector at 381 nm (excitation) and 510 nm
(emission) was used to determine PAs content.

After the verification of the variance homogeneity of the data sets,
data quantified was subject to analysis of variance (ANOVA). Student-
Newman-Keuls (SNK) post-hoc test (p<0.05) was used and the
statistical analysis were performed using the software Statistica”.

4.2.5 Light microscopy

Three samples of each treatment were collected in the middle region
of culms and fixed in 1.25 % paraformaldehyde in 0.1M sodium



58

phosphate buffer (pH 7.2). The samples were washed twice in sodium
phosphate buffer diluted in distillated water (1:1, v:v) and dehydrated in
increasing series of ethanol until ethanol absolute. Then, the material
was pre-infiltrated in gradual series of solutions composed by
hydroxyethylmethacrylate (Leica® Historesin, Heidelberg, Germany)
and ethanol and then infiltrated in pure hydroxyethylmethacrylate
(Leica® Historesin, Heidelberg, Germany).

Sections of 10 um were obtained by using Slee Technik” microtome
(Slee Cut 4055, Mainz, Germany), stained with toluidine blue (O'Brien
et al 1965) and subjected to histochemical analysis to characterize
lignified regions, and periodic acid - Schiff reagent (PAS) (McManus
1948) to characterize starch and neutral polysaccharides. Images were
acquired in inverted microscopic Olympus IX81, coupled with digital
camera DP71 and software Image Q Capture Pro 5.1 (QImaging
Corporation, Austin, TX, USA).

4.3 Results
4.3.1 Morphological features of culms

The culms showed some differences on the morphological features
between light and darkness conditions. Under light, culms development
occurred normally, with the same color in the original explant and
neoformed culms (Fig.1b-d). In darkness condition, the original culms
continued with green color, and the majority of neoformed culms
showed etiolated characteristics, with white-yellow color (Fig.le-g).

Morphological characterization of G. chacoensis culms under light
and darkness treatments among 30 days of culture showed similar
responses when the culm height were analyzed, and distinct responses
when the number of shoot per explant where evaluated (Fig. 2).
Additionally, only few differences were observed between culms growth
among light and darkness treatments during the evaluation time.

Culms height at day 30 presented a progressive elongation, with
similar features between light and darkness conditions, reaching
approximately 3.8 cm (Fig. 2a). On the other hand, the number of shoots
per explant considerable differed among treatments; reaching almost 4
and 2 shoots per explant in light and darkness conditions, respectively
(Fig. 2b).
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Fig. 1 Culms morphological features of Guadua chacoensis culms during 30
days culture under light and darkness conditions. a) Day 0; Light: b) Day10; c)
Day 20; d) Day 30; Darkness: e) Day 10; f) Day 20; g) Day 30. Arrows indicate
culms with etiolated characteristics.
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Fig. 2 Height (a) and number (b) of Guadua chacoensis culms obtained after 30
days in light and darkness conditions. Mean values + standard deviation.
Different uppercase letters indicates significant difference between treatments,
and different lowercase letters indicates significant differences along the time,
according to SNK test (p<0,05). Coefficient of Variance: Culm height - Light:
7.55%; Darkness: 17.81%. Shoot number per explant - Light: 13.77%;
Darkness: 14.23%.
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4.3.2 Free polyamines quantification

Contents of total free polyamines of G.chacoensis culms under light
and darkness condition showed a similar pattern until day 20 of culture,
with continuously increasing values (Fig. 3a). A tendency of increase in
total free PAs levels was observed in light condition between day 10 and
20, reaching its highest levels in day 20. At day 30, the levels of light
and darkness conditions were similar.

Free putrescine (Put) contents showed a continuous increasing until
day 20 with these levels remaining unchangeable until day 30 (Fig. 3b)
under light and darkness treatment. Additionally, contents found in days
20 and 30 of light condition were significantly different compared to
day 0.

Free spermidine (Spd) contents of culms under light conditions
presented a constant increasing during the time of evaluation, reaching
the highest values at day 20 and a considerable reduction in day 30 (Fig.
3¢). An evident difference among treatments was observed in day 20,
when light treatment presented higher contents of free Spd than
darkness condition.

For spermine (Spm) (Fig. 3d) the results showed that in darkness
condition, culms presented continuous increasing content among the 30
days of evaluation. Differently, in light conditions, a continuous
increase occurred until day 20, followed by a slight decrease at day 30.
Additionally, in light treatment, the most considerable change occurred
between day 10 and 20, with the highest Spm content in day 20.
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Fig. 3 Free polyamine contents of Guadua chacoensis culms obtained under
light and darkness treatments among 30 days culture. a) Total Free polyamine
contents; b) Free putrescine contents; c) Free spermidine contents; d) Free
spermine contents. PUT: putrescine; SPD: spermidine; SPM: spermine. Mean
values + standard deviation. Different uppercase letters indicates significant
difference between treatments, and different lowercase letters indicates
significant differences along the evaluation time, according to SNK test
(p<0,05). CV: Total Free PAS - Light: 23%; Darkness: 21%. Put - Light: 24%;
Darkness: 26%. Spd - Light: 25%; Darkness: 18%. Spm - Light: 23%;
Darkness: 24%.

4.3.3 Light microscopy analysis

Light microscopy analysis of G. chacoensis culms under light and
darkness conditions did not show dramatic differences in culm
morphoanatomy (Fig. 4 and 5).

The culms presented a typical anatomy of bamboo culms, composed
by epidermis, hypoderm and cortical parenchyma, parenchyma and
vascular bundles (Fig. 4, 5). Small thick cells formed epidermis, and in
hypoderms the cells size increased according to the proximity of central
region of culms, also presenting thick cell walls (Fig. 4a). Adjacent to
the epidermis and hypodermis is the cortical parenchyma that
corresponds to some cell layers in the periphery of the culm (Fig. 4a and
Sa).
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Parenchyma cells presented large cells in the periphery and smaller
ones in the middle, in culms at day 0 of culture (Fig. 4a). Along the
evaluation time in both conditions, parenchyma cells appeared to
increase their size and its walls become thinner, probably as
consequence of dense cytoplasm (Fig. 4c-g).

Vascular bundles were formed by xylem, which was composed by
two huge metaxylem vessels and one small protoxylem cell surrounded
by a sclerenchyma sheet; phloem and fibers. The vascular bundles were
usually presented in great quantity in the periphery and in small
concentration in the middle of culm, in light and darkness treatments,
along the evaluation time (Fig. 4d, g).

Additionally, different sizes of vascular bundle were observed.
Apparently, the size of vascular bundle in darkness treatment was
smaller than in light along all the evaluation time, with also a diverse
shape in darkness condition (Fig. 4 and 5).

Our results of histochemical analysis with toluidine blue showed that
culms maintained in light conditions were more lignified than the ones
found in darkness treatment, as showed at day 30 of culture (Fig. 4d, g).
Lignified cortex could be seen along the evaluation time in light
treatment (Fig. 4b-d); however, in darkness treatment it was not
observed (Fig. 4e-g).

In contrast, histochemical analysis with PAS did not show
differential starch and neutral polysaccharides accumulation in culms
under light and darkness conditions (Fig. 5).
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Day 0 Day 10 Day 30

Fig. 4 Histochemical analysis of Guadua chacoensis culms stained with
toluidine blue along 30 days in light and darkness conditions with the aim to
characterized lignified regions. a) Day 0; Light: b) Day10; c) Day 20; d) Day
30; Darkness: e¢) Day 10; f) Day 20; g) Day 30. Epd: epidermis; Hpd:
hypoderm; CP: cortical parenchyma; P: parenchyma; MX: metaxylem; PX:
protoxylem; Ph: phloem; Ss: sclerenchyma sheet.

Day 10 Day 20 Day 30

Fig. 5 Histochemical analysis of Guadua chacoensis culms of stained with PAS
along 30 days in light and darkness conditions with the aim to characterized
starch and neutral polysaccharides. a) Day 0; Light: b) Day10; c¢) Day 20; d)
Day 30; Darkness: e) Day 10; f) Day 20; g) Day 30. Epd: epidermis; Hpd:
hypoderm; CP: cortical parenchyma; P: parenchyma; MX: metaxylem; PX:
protoxylem; Ph: phloem; Ss: sclerenchyma sheet.
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4.4 Discussion
4.4.1 Morphological characterization of culms

Analysis of culm height along the 30 days of evaluation under light
and darkness conditions revealed a similar pattern between the
treatments. Darkness growth was expected to generate plants with
etiolated features, such as shoot elongation and white-yellow color
(George et al. 2008); however, these responses where only observed in
the neoformed culms generated under darkness. Our results suggest that
culms started to acquire etiolation features after 20 days in darkness,
when etiolated culms were formed (Fig. 1f). Additionally, neoformed
shoots developed under darkness presented typical etiolation color,
white-yellow, without changes in culm length (Fig. 1e-g).

Suzuki et al. (2004) showed that in vitro plantlets of Catasetum
fimbriatum when transferred from light to darkness conditions only
formed etiolated plants after approximately 60 days of incubation.
Additionally, previous studies have demonstrated that 60 days of
incubation in darkness is necessary to improvement of in vitro
multiplication of different pineapple genotypes (Barboza and Caldas
2001; De Carvalho et al. 2009). Thus, we can hypothesize for our results
that absence the etiolated plants in 30 days of darkness was possibly
associated with the short period of incubation under this condition.

Morphological characterization of culms also demonstrated the
importance of light in the enhancement of shoot induction in G.
chacoensis culms. We observed that the number of shoots generated in
light were two times higher than the number obtained in darkness at 30
days (Fig.2b). This result could be related to photomorphogenesis
response in light and darkness conditions.

In light, normal photomorphogenesis response occurs by the action
of phytochromes that perceive the light and activate a myriad of
responses, including cell differentiation, plastid development and
hypocotyl elongation (Mathews et al. 1995). In contrast, in darkness, the
phytochromes are, in general, found in the biologically inactive form
(Xu et al. 2015). In this condition, the photomorphogenesis response is
blocked by the action of repressors, such as COP/DET/FUS
(Constitutively Photomorphogenenic/Deetiolated/ Fusca) and PIFs
(Phytochrome Interacting Genes) (Xu et al. 2015; de Wit et al. 2016).
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4.4.2 Polyamines quantification

Changes in PAs endogenous contents are normally associated with
plant growth and development, although the exact function of PAs in
these processes is not fully elucidated. Polyamines accumulation can be
either a necessary factor in plant growth process or accumulation of
polyamines can be a consequence of it (Desai and Mehta 1985).
Additionally, among the three most common PAs, Put and Spd are
considered essential in plant morphogenesis, and Spm appears to be
involved in other processes, such as production of nitric oxide (NO) and
response to stress (Kusano et al. 2007).

In our results, an expressive increase in contents of total free PAs,
free Put, Spd and Spm were observed in G. chacoensis culms under
light conditions at day 20 (Fig. 3 a-d). We suggest that an intense
activity of plant photomorphogenesis was induced in this period of
culture, and, as a consequence, PAs contents also increased.

Aragdo et al. (2015) observed that increased contents of total free
PAs in day 30 of in vitro plantlets of Cedrela fissilis were related with
intense metabolic cell elongation, differentiation and division. Zhu and
Chen (2005) showed that the enhancement in adventitious
morphogenesis in cotyledons of in vitro plants of cucumber was
probably associated with increased in PAs endogenous contents. Desai
and Mehta (1985) also demonstrated that the increase in Put endogenous
levels were associated with shoot induction and that this polyamines
may have a role in organogenesis of Passiflora.

Furthermore, we believe that the increase in plant morphogenesis
can be also associated with the availability of nutrients presented in the
culture medium in this stage of in vitro culture. Long period in a same
culture medium without sub culturing can result in nutrient depletion,
pH changes and accumulation of toxic compounds that can also results
in necrosis of material (Sandhu et al. 2017). However, as the culture is
in the beginning of the cycle of multiplication, macro and
micronutrients, as well as carbohydrates, are presented in major
availability between the first 20 days, favoring plant development.

In the present study we highlighted that the contents of Spd observed
at day 20 in light treatment were higher than the contents observed in
darkness condition (Fig. 3¢). Furthermore, a significant increase in shoot
number generated was also in this time (Fig. 2b). Based on these
findings, we suggests that an increase in free Spd contents in light
treatment at day 20 combined to this shoot formation improvement can
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be related to photomorphogenesis response and phytochrome action
(Dai and Galston 1980).

Phytochromes are an important group responsible by plant
perception of light for morphogenesis response (Shikata et al. 2015).
Among photoreceptors, phytochromes and cryptochromes are known to
control plant morphogenesis response (Folta and Childers 2008),
however phytochromes are the most studied one (Baba-Kasai et al.
2014). They are continuous reversibility between the inactive form, Pr
and active form, Pfr (Franklin and Quail 2009), being the inactive form
the most predominant in darkness (Jumtee et al. 2008). When the
phytochromes are in their biological active form, Pfr, a signal
transduction pathway is activated and the transduction of genes related
to photomorphogenesis starts (Quail 2002).

A correlation between polyamines contents and phytochromes has
been found in previous studies (Dai and Galston 1980; Yoshida and
Hirasawa 1998; Jumtee et al. 2008) with emphasis in ADC expression
levels, which corresponds to the gene precursor of the indirect pathway
of PAs biosynthesis (Alcazar et al. 2006). In an interesting study,
Jumtee et al. (2008) showed a direct relationship between phyA and
light in the PAs contents. The authors observed a decreased in contents
of Put in etiolated wild-type Arabidopsis thaliana plantlets compared
with phyA mutants, which were both subjected to white and far-red
light, demonstrating this response only under far-red light.

These authors also investigated this behavior under qRT-PCR
analysis with the aim to determine which gene was responsible by the
down-regulation of Put in etiolated plantlets. It was found that the ADC2
gene (arginine decarboxylases 2) were transcript in lower levels in
etiolated WT plantlets than in phy4 mutants in both conditions and
concluded that a possible reduction in Put contents could be associated
with reduction in ADC2 levels. Furthermore, Yoshida and Hirasawa
(1998) demonstrated that ADC activity could be induced by light, and
that ADC pathway is probably the preferred pathway of polyamines
biosynthesis in functional photosynthetic tissues (Yoshida and
Hirasawa, 1998). ADC synthesis was suggested to be localized inside
the chloroplast associated with thylakoids membranes (Borrell et al.
1995).

A significant correlation between ADC and light conditions has
been demonstrated by Dai and Galston (1980) in etiolated Pisum
sativum seedling. These authors verified that that buds of etiolated pea
seedling presented higher ADC activity under irradiation with red light
in comparison with dark. The authors also observed that increase in
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ADC levels were accomplished by enhancement in bud growth. So, they
suggested that phytochromes action under light conditions promoted
ADC activity and growth and that polyamines regulation should be also
related with phytochromes function in pea buds.

By this ways, changes in PAs endogenous contents in light in
comparison with darkness as showed in Spd levels (Fig. 3¢) could be
strongly interconnected with changes in ADC expression levels and
phytochrome action. Moreover, it seems reasonable to suppose that
there is a positive correlation between light and polyamines
biosynthesis, as a consequence of phytochrome action and its influence
in plant growth, development and gene expression. However, molecular
studies with in vitro etiolated culms of G. chacoensis will be important
to confirm our findings.

Plant response to environmental fluctuations, such as stress
conditions, is accomplished by changes in physiological, morphological
and biochemical composition (Alcazar et al. 2006). Endogenous PAs
contents suffer constant changes in response to stress conditions,
however it is not known yet if these changes are generated in plants as a
result or a way of protection against stress condition (Alcazar et al.
2010; Hussain et al. 2011). Moreover, stress response is variable
according to plant species and time of exposure to stress (Liu et al.
2008).

The absence of significant differences between light and darkness
regarding te content of for total free PAs (Fig.3a), Put (Fig.3b) and Spm
(Fig.3¢c) found in our work may be associated with PAs oxidation or
involvement in other biochemical pathways (Tiburcio et al 2014), as
well as PAs conjugation (Bouchereau et al 1999).

Our results suggest that etiolation process affects polyamines
endogenous contents. The increased in the contents of free PAs, Put,
Spd and Spm from day 10 to 20 in light treatment showed that a
possible accumulation of these polyamines is maybe due to
photomorphogenesis response. Also we highlighted that Put, Spd and
Spm were probably produced in consequence of growth and
development of G. chacoensis culms, since increase in their contents are
accomplished by increase in shoot number per explant and in plant
height. Additionally, the existence of a positive correlation between
phytochromes function and polyamines biosynthesis is proposed based
on the increased in the levels of Spd in light in contrast to darkness
conditions.
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4.4.3 Light microscopy

Similar morphoanatomical features were found in bamboos culms
under light and darkness conditions (Fig. 4, 5). No significant
morphological changes were observed in material (Fig. 1), probably as a
result of insufficient time under darkness conditions, as earlier
discussed.

As we could see in our results, G. chacoensis culms are formed by
epidermis, hypodermis, parenchyma and vascular bundles (Fig. 4, 5).
These characteristics of the culms demonstrated in our study were in
agreement with features described to bamboo in previous studies
(Metcalfe 1960; Grosser and Liese 1971; Liese 1987; Liese 1985;
Londofio 1992; Agrasar and Rodriguez 2003).

Vascular bundles are localized embedded in parenchyma tissues of
bamboo culms (Londofio et al. 2002). In our study we could observe
that vascular bundles distribution among the culm do not followed an
organized order. This is a typical characteristic of monocotyledons
(Apezzato-da-Gloria and Carmello-Guerreiro 2006). Additionally, the
number and concentration of bundle sheets were variable along the
culms, showing more concentration in the periphery than in central area
(Fig.4 and Fig.5). Grosser and Liese (1971) in a study realized with 52
species of Asian bamboos proposed that vascular bundles are presented
in higher concentration and smaller size in peripheral region and in
smaller concentration and higher size in central region. This behavior
was also observed latter in other bamboo studies (Liese, 1987; Londofio
2002), suggesting that this is a typical characteristic of bamboo culms.

The presence of more lignified tissues in culms under light than in
darkness conditions were also observed (Fig. 4). The process of
lignification of bamboo culms started to happen since the beginning of
plant development (Liese 1987) and it is associated with culm ageing. A
possible reason for the presence of more lignified culms in light than in
darkness is that the plant morphogenesis response continues to happen
in light and in darkness these response could be blocked, as a
consequence of dark condition (Xu et al. 2015; de Wit et al. 2016).

4.5 Concluding Remarks

Our results suggested a positive influence of light in morphological
features of G. chacoensis. The enhancement in the number of shoots
generated per explant was almost twice in light than in darkness,
reaching approximately four and two culms, respectively, indicating that
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light promotes shoot proliferation in G. chacoensis in vitro culture.
Moreover, we could see that green plantlets started to present etiolate
characteristics after day 20 in darkness and that the neoformed culms
generally presented etiolated features, such as white to yellow color.
Probably the presence of partially etiolated plants for this specie could
be associated with the insufficient time of incubation in darkness in our
study.

Different responses in endogenous polyamine contents observed in
our study revealed an influence of etiolation process in polyamines
contents. It was seen that changes in polyamines contents could be a
result of a complex interaction between phytochromes, polyamines
biosynthesis and photomorphogenesis response.

Furthermore, the histological characterization of culms of G.
chacoensis under light and darkness conditions shows similar results,
with exception of more lignified culms in light than in darkness, and
changes observed in vascular bundle organization, suggesting one more
time influence of light in morphogenesis response.

Taken together, ours results indicated that light is essential to in vitro
propagation of G. chacoensis and that its presence allows plant growth
and development. Additionally, our studies suggested that futures
studies with focus in molecular characterization of ADC genes for the in
vitro etiolated culms of G. chacoensis could be important to confirm our
hypothesis of a correlation between light, phytochromes and polyamines
endogenous contest.
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5. CAPITULO 2 - Etiolation process affects chloroplast
ultrastructure and hormone endogenous levels during Guadua
chacoensis (Rojas) Londoiio & P.M. Peterson in vitro culture

Abstract

Guadua chacoensis is a woody native bamboo from the Atlantic forest
biome. This species produces scarce and low viability seeds, and its
vegetative propagation is also season dependent, with low propagules
availably. Biotechnology tools, based on micropropagation, comprise
efficient tools for its propagation. In addition, these techniques can
provide an excellent system to investigate ultrastructure and
physiological processes. In the present study we evaluated the influence
of etiolation during in vitro culture of G. chacoensis, with emphasis on
the chloroplast biogenesis and the endogenous levels of zeatin (Z),
gibberellin (GA), abscisic acid (ABA) and jasmonic acid (JA). Our
results indicated, in light treatment, a decreased number of starch grains
during in vitro culture, probably as consequence of the use of starch as
energy providing for plant initiation and posterior development.
Differently, in darkness conditions, improved amyloplast formation was
observed. The etioplast formation, as would be expected in darkness
conditions, was not observed and could be associated with the high
endogenous levels of Z observed in culms of G. chacoensis as
supplementation of cytokinin in the culture medium generated similar
results. ABA, GA and JA biosynthesis decreased in darkness conditions,
suggesting a strong relationship between light and these phytohormone
levels. Additionally, Z and ABA showed to be closely related with
plastids formation, by a positive and negative way, respectively. The
first one influenced chloroplast maturation, and carotenoid levels
apparently influenced the second.

Keywords: bamboos; micropropagation; transmission electron
microscopy; plant physiology; phytohormone
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5.1 Introduction

Bamboos belong to the grass family Poaceae, subfamily
Bambusoideae, comprising 1641 species and 120 genera (Soreng et al.
2015). They are spread in almost all continents, except Europe and
Antarctic, from the lowlands to more than 4000 meters of altitude
(Kelchner and BPG 2013). South America is the second continent in
richness of bamboo species (Bystriakova et al. 2004).

Bambuseae is the largest tribe among the three tribes of
Bambusoideae, along with Arundinareae and Olyreae. Bambuseae
covers the tropical and subtropical woody bamboos, with about 893
species and 68 genera (Soreng et al. 2015). The genus Guadua
corresponds to one of five biggest genera of bamboos in Brazil
(Filgueiras and Gongalves 2004) and also the most economically
important genus in tropical America (Londofio 1998). Guadua
chacoensis (Rojas) Londonio & P.M. Peterson (Londofio and Peterson
1992) is a woody native bamboo from the Atlantic forest, with natural
occurrence in southern Brazil, Paraguay, Uruguay and northeastern
Argentina (Guerreiro 2014).

The flowering intervals of Guadua chacoensis is estimated in 28
years (Vega and Hernandez 2008), producing scarce and low viability
seeds. Vegetative propagation through offset and culm cutting are also
seasonal dependent, with low availably of propagules, being
conventional propagation methods insufficient and inefficient for
bamboos mass propagation (Singh et al. 2013). Thus, the use of
biotechnology tools, such as micropropagation, is essential for large-
scale bamboo propagation (Singh et al. 2013).

Organogenesis is the morphogenetic route where the explant is
induced to generate shoots or roots (Singh et al. 2013). The
physiological and genetic conditions of the explant are essential factors
in the achievement of in vitro propagation. The use of axillary shoot in
bamboo micropropagation has been applied to promote high in vitro
multiplication rates (Jiménez et al. 2006; Jiménez and Guevara 2007;
Singh et al. 2013; Sandhu et al. 2017). Another factor that affects
micropropagation is light condition, which is directly related with in
vitro growth and morphogenesis as consequence of wavelength, time of
exposure and photoperiod (George et al. 2008). Furthermore, its
influence in plastid differentiation, photosynthesis and chloroplast
maturation has been demonstrated (Solymosi and Aronsson 2013).

Chloroplast belongs to the diverse group of organelles known as
plastids, which includes proplastids, etioplasts, gerantoplasts,
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chromoplasts and leucoplasts - for instance amyloplasts (Lindquist et al.
2016). These plastids diverge in their function, chemical compounds and
inner structure (Solymosi and Aronsson 2013) and also reveal
remarkable interconvertion plasticity, according to the given conditions
(Lindquist et al. 2016; Solymosi and Keresztes 2012). Chloroplast
differentiation has been designated as a light dependent process, so as
light is reduced or either not supplied, the proplastid can differentiate
into etioplast (Staechelin 2003). Etioplasts are usually seen as a
temporary stage of plastids, which are formed during the dark-growth,
although they are rapidly converted to functional chloroplast with light
supplying (Wise 2007). Thus, the investigation of the plastid
interconversion dynamics can help in the better understanding plants in
vitro morphogenesis.

Phytohormones are also essential in plant development, acting as
signaling molecules in plant response during development, growth,
adaptation, stress and physiological response (Erland et al. 2017). They
are also involved in many plastid differentiation process and function.
Cytokinins (CK) are strongly related with chloroplast biogenesis,
especially with its maturation, which has been related in many studies
(Stetler and Laetsch 1965; Polanska et al. 2006; Cortleven and
Schmiilling 2015). They are also involved in the promotion of thylakoid
formation; disintegration of prolamellar bodies in de-etiolation process
(Cortleven and Schmiilling 2015), participates in photomorphogenesis
stimulus in dark growth of Arabidopsis (Lochmanova et al. 2008) and in
promotion of chloroplast related gene expression (Parthier 1979). On the
other hand, abscisic acid (ABA) is generally associated with the
repression of chloroplast related genes (Yamburenko et al. 2013). ABA
biosynthesis pathway is also related with plastids, as the production of
carotenoids, its precursor occurs in plastids (Seo and Koshiba 2002).

Previous reports have been demonstrated the effect of gibberellic
acid (GA) in plant morphogenesis responses (Fleet and Sun 2005;
Alabadi et al. 2008; Li et al. 2015). GA is known to repress the
photomorphogenesis in darkness as a consequence of the negative
regulation of DELLA proteins. This regulation results in repression of
PIFs (phytochrome interacting factors) that are also responsable by
repress photomorphogenesis and consequently etiolation responses do
not occurs (Li et al. 2015). Another phytohormone that is related with
different response in interplay with light is jasmonic acid (JA), where
both JA co-receptors and components of light signaling can influence
each other response (Kazan and Manners 2011).



78

In the present work we evaluated the influence of etiolation process
during in vitro culture of G. chacoensis, with emphasis on the
chloroplast biogenesis through transmission electron microscopy. We
also analyzed the endogenous levels of the phytohormones zeatin (Z), a
type of cytokinins, GA, ABA and JA, through reverse-phase ultra-
performance liquid chromatography.

5.2 Material and methods
5.2.1 Plant material

Nodal segments of G. chacoensis were in vitro introduced according
to Ornellas et al. (2017), with some modifications. The multiplication
culture medium consisted of MS basal salts (Murashige and Skoog
1962) supplemented with Morel vitamins (Morel and Wetmore 1951),
30 g L' of sucrose, 13 uM of 6-benzylaminopurine (BAP), and gelled
with 2 g L of Phytagel®. The pH was adjusted to 5.8, prior to
autoclaving for 20 minutes at 121°C, 1.5 atm. The cultures were kept in
shelves with white LED light (Green Power TLED W; PhilipsTM; 77
par) at 25 +2°C and 16 h photoperiod. Subculturing was performed
every 30 days to a fresh culture medium.

5.2.2 Induction of etiolation

For the in vitro etiolation induction, we used thoroughly
individualized culms (Fig. 1a) measuring 2-3 cm in flasks (67.2 mm x
129.3 mm/350 ml) containing 30 ml of MS multiplication culture
medium.

The experiment had two conditions (darkness and light) and was
held in a completely randomized design, with 30 flasks per treatment,
each one containing five individualized culms. The flasks used for
etiolation were wrapped with aluminum foil in order to maintain the
darkness condition. All flasks were kept in the same growth room at 25
+2°C, with white LED light (Green Power TLED W; PhilipsTM; 77
par) 16 h photoperiod. Samples of culms were collected at 0, 10, 20 and
30 days after inoculation, and stored at -80°C for hormone
quantification analysis, or fixed for transmission electron microscopy
(TEM) characterization.
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Day 0 Day 30 - Light Day 30 - Darkness

Fig. 1 Guadua chacoensis culms. a) Day 0; b) Day 30 at light condition; c) Day
30 at darkness. Bars represent 5 mm. Arrow indicates etiolated culms. *Shows
partially etiolated culms.

5.2.3 Transmission electron microscopy

TEM analysis was used to evaluate the chloroplast ultrastructure
under light and darkness conditions. Three samples from each treatment
were collected from the middle region of culms and fixed with 2.5 %
glutaraldehyde, 0.1 M sodium cacodylate buffer (pH 7.2) and 18 mM
sucrose per 48 h. Samples were washed with sodium cacodylate buffer
and post-fixed with1% osmium tetroxide in 0.1 M sodium cacodylate
buffer for 4 h. Then, the samples were dehydrated in acetone series, and
embedded in Spurr's resin (EMS Diasum, Hatfield, PA), as the
manufacturer instructions. Ultrathin sections were treated with uranyl
acetate followed by Reynolds' lead citrate (1963). TEM representative
images were obtained with TEM JEM 1011 (JEOL Ltd., Tokyo, Japan)
operated at an accelerating voltage of 80 kV.

5.2.4 Hormone quantification

Hormone quantification (zeatin, GA4, ABA and JA) was performed
according to Fraga et al. (2016), with modifications.

Samples of 100 mg of fresh material were ground in liquid nitrogen
and transferred to a 2 mL microtube containing 1 mL of extraction
buffer (methanol, water and formic acid, 75:20:5, v.v.v with 2 mM of
citric acid). The tubes were mixed using a vortex mixer, incubated at -
20°C for 3 h, followed by ultrasonic bath (40 kHz frequency) at 4°C for
25 minutes and a centrifugation at 9800 g at 4°C for 10 min, and the
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supernatant was collected. The pellets were re-extracted twice, with 750
uL of extraction buffer with time of incubation of 6 h and 12 h and
sonicated and centrifuged as described above. Finally, the three
supernatants were combined and dried in a vacuum concentrator at 40°C
for 22500 g and resuspended in 1 mL of mili-Q water.

The resuspended extract was purified through Oasis MCX column
(150 mg Sorbent, Waters Technologies, USA), according to the
manufacturer instructions. The eluted was collected, concentrated and
dried in vacuum concentrator at 40°C for 22500 g, resuspended in 100
pL of methanol and filtered through 0.22 um PTFE filter.

Samples quantification was performed by LC-MS/MS consisting of
an Acquity urLC™ System (Waters, USA) quaternary pump equipped
with an autosampler. The column used was Acquity UPLC BEH C18
(2.1 x 50 mm, 1.7um) (Waters, USA) and the mobile phase in the
chromatographic separation consisted of eluent A (0.1% formic acid in
water) and eluent B (0.1% formic acetic acid in acetonitrile). Gradient
used was 1% B until 1 mim, followed by a linear increased up to 6 min
reaching 38% B, followed by 100% B until 8,5 min, as a cleaning step,
and finally changing to initial 1% B condition up to 9.5 min. The flow
rate was 0.45 ml min"' and column temperature of 40°C. A Waters
Xevo™ triple quadrupole mass spectrometer system (MS/MS) with an
ESI interface was used in tandem MS analyses with the following
conditions: capillary voltage, 2.7 kV; source temperature, 150°C;
desolvation temperature, 400°C, desolvation gas flow, 800 L h''; cone
gas flow, 50 L h™".

The parameters of MS/MS detection were optimized to each
hormone and multiple reaction-monitoring (MRM) mode was applied in
this analysis. Concentrations of 5, 10, 50, 100, 500, 1000 and 1500 ng
mL" was prepared in three independents dilutions in methanol to obtain
standard curve, and the analysis/quantification was performed in LC-
MS/MS in triplicate. The quantification was achieved by the use of
TargetLynZTM software (Waters, USA), with limit of detection (LOD)
greater than 3, and the limit of quantification (LOQ) greater than 10.
The recovery efficiency and matrix effect was determined according to
Trufelli et al. (2010), with standard spikes (40 ng mL™" of all hormones)
during the extraction and detection steps. All variations in recovery and
matrix effect were considered in the final concentration of each
hormone.

After the verification of the variance homogeneity of the data sets,
data quantified was subject to one-way analysis of variance (ANOVA).
Student-Newman-Keuls (SNK) post-hoc test (p<0.05) was used for the
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separation of means and the statistical analysis were performed using
the software Statistica”.

5.2.5 Chlorophyll and carotenoid quantification

At day 30 of etiolation induction, three types of culms were selected
for quantification of chlorophyll a, b, total and carotenoids: green culms,
partially etiolated culms (presenting some green and white regions) and
totally etiolated culms (presenting yellow to white color) (Fig.1b and
Fig.1c). The extraction was realized according to Hiscox and Israelstam
(1979) with modifications, where 20 mg of fresh culms were added in
microtube with 2 mL of DMSO (Dimethyl sulfoxide). The microtubes
were kept in bath water at 65°C for 2 h and then the extracted material
were filtered and pippeted in a micro plate. The quantification was
performed spectrophotometrically, at 665 nm for Chlorophyll a (Chl-a),
649 nm for Chlorophyll b (Chl-b) and 480 nm for carotenoids (C x+c
(Wellburn 1994), using microplate reader SpectraMax” Paradigm
Multi-Mode. The final concentration of chlorophyll a, b, total and
carotenoids were calculated according to Wellburn (1994).

The analysis was performed in biological and technical triplicate,
and the data were subject to Student's t-test to make pairwise
comparisons (p < 0.05).

5.3Results

5.3.1 Chloroplast ultrastructure under light and darkness
conditions

When observed under light, the chloroplasts at day 0 appeared to be
huge organelles, occupying a large space of plant cell (Fig. 2a) and
showing features of a mature chloroplast, i.e. the presence of double
membrane envelope (the inner and outer membranes), plastoglobuli,
starch grains and organized thylakoids stacked forming grana (Fig. 2b).
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X N .
Fig. 2 Plastids ultrastructure under light and darkness conditions at days 0, 10,
20 and 30 in culture of Guadua chacoensis in vitro plantlets. a) Day 0 with the
presence of two mature chloroplasts; b) Day 0, detail of mature chloroplast with
double membrane envelope, thylakoids stacked in grana (black arrows), and
presence of plastoglobuli; ¢) Incorporation of starch grain in chloroplast at day
10 in light conditions; d) Detail of a mature chloroplast, with thylakoids stacked
in grana (black arrow), plastoglobuli and incorporation of starch grains; e)
Mature chloroplast with double membrane envelope, thylakoids stacked in
grana (black arrows), and presence of plastoglobuli, at day 20 in light
conditions; f) Chloroplast in degradation with disorganized thylakoids,
increased plastoglobuli number and rupture of the double membrane (*); g)
Mature chloroplast with peripheral reticulum (PR) formed at day 30 in light
conditions; h) Detail of PR formation; i) Chloroplast in degradation with
disorganized thylakoids, increased plastoglobuli number and rupture of the
double membrane (*), at day 10 in darkness conditions; j) Detail of thylakoids
derangement; k-1) Stroma thylakoids formed instead of stacked thylakoids, at
day 20 in darkness conditions; m) Chloroplast transition to amyloplast with
starch granules incorporated in chloroplast and normal chloroplast and
mitochondria, at day 30 in darkness conditions; n) Amyloplast and
mitochondria. Ch: chloroplast; CW: cell wall; DM: double membrane envelope;
T: thylakoids; P: plastoglobuli; S: starch; M: mitochondria; PR: peripheral
reticulum; ST: stroma thylakoids; A: amyloplast; black arrows: grana
formation; asterisk: absence of double membrane.
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Under light development, the first modification observed at day 10 of
culture was the presence of starch grains incorporated in chloroplasts
(Fig. 2c). These chloroplasts presented normal features such as
thylakoids stacked in grana, presence of plastoglobuli, starch grains in
large amount and small mitochondria with spherical shape (Fig. 2d).

Mature chloroplasts were observed at day 20 in light conditions,
without the presence of starch grains (Fig. 2e) and also some
chloroplasts probably in senescence stage, with the absence of double
envelope membrane, increased plastoglobuli number and disorganized
thylakoids (Fig. 2f). At day 30 in light conditions, peripheral reticulum
was observed attached to a mature chloroplast, also without the presence
of starch grains (Fig. 2g-h).

The chloroplast development was influenced by the darkness
condition. We observed chloroplasts with unorganized double
membrane envelope and thylakoids, and increased plastoglobuli number
after day 10 in darkness condition (Fig. 2i-j). The presence of
mitochondria was also observed (Fig. 2i). At day 20 of darkness, the
presences of stroma thylakoids, disposed in lines in chloroplast stroma
and in minor number, were observed (Fig. 2k and Fig. 21). Electron-
dense plastoglobuli were also observed (Fig. 2k-1) as well as
mitochondria with spherical shape (Fig. 2k). Amyloplast formation, with
the incorporation of starch grain in chloroplast, was observed at day 30
in darkness (Fig. 2m). Amyloplast was also observed with the presence
of spherical mitochondria in the same cell (Fig. 2n).

5.3.2 Hormone Quantification

Quantification of zeatin (Z) (Fig. 3) demonstrated that the levels of
this hormone in light and darkness conditions during the time of
evaluation followed a similar behavior. Zeatin levels at day 10 indicated
a decrease, followed by an increase at days 20 and 30. In addition, the
culms showed the highest Z endogenous level at day 30 of darkness,
while the lowest Z endogenous level were observed at day 10 of light
condition.

Abscisic acid (ABA) endogenous levels indicated two distinct
responses under light and darkness (Fig. 4). Under light condition, ABA
levels showed a decrease at day 10 and a considerable increase at day 20
that was maintained at day 30. Otherwise, ABA levels under darkness
condition did not present considerable changes and, in overall, it was
kept in lowest levels than in light conditions.
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Fig 3 Zeatin (Z) endogenous levels in Guadua chacoensis in vitro culms after 0,
10, 20 and 30 days cultured in light and darkness conditions. Mean values +
standard deviation. Different uppercase letters indicate differences in same
treatment along the evaluation time, according to SNK test (p<0.05).
Coefficient of variation (CV) - Light: 6.74%; 0.93%; 5.05%; 8.92; Darkness:
6.74%; 10.23%; 12.75%; 1.23%.
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Fig. 4 Abscisic acid (ABA) endogenous levels in Guadua chacoensis in vitro
culms after 0, 10, 20 and 30 days cultured in light and darkness conditions.
Mean values + standard deviation. Different uppercase letters indicate
differences in same treatment along the evaluation time, according to SNK test
(p<0.05) and * indicate no significant difference. CV - Light: 13.01%; 8.26%;
13.96; 8.79%. Darkness: 13.01%; 14.99%; 14.86%; 27.63%.



85

Gibberellic acid (GA4) endogenous levels along light and darkness
treatments (Fig. 5) revealed different responses. In light conditions, GA4
levels showed crescent levels, with the highest level at day 30, a high
accumulation of GA4. In darkness, the level of this hormone was kept
unchanged along the evaluation time.
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Fig. 5 Gibberellic acid (GA4) endogenous levels in Guadua chacoensis in vitro
culms after 0, 10, 20 and 30 days cultured in light and darkness conditions.
Mean values =+ standard deviation. Different uppercase letters indicate
differences in same treatment along the evaluation time, according to SNK test
(p<0.05) and and * indicate no significant difference. CV - Light: 7.79%;
7.78%; 9.93%; 4.89%. Darkness: 7.79%; 2.51%; 5.18%:; 14.14%.

Jasmonic acid (JA) presented a similar response in their levels in
light and dark conditions, although in light the values are higher. A
considerable increase in its levels was observed at day 10, followed by a
decrease in days 20 and 30 (Fig. 6). Although the JA level increased at
day 10 in darkness, at days 20 and 30 these values returned to the same
levels as day 0. Differently, in light treatment, JA levels were higher at
days 20 and 30 than day 0, demonstrating an accumulation of JA in light
conditions.
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Fig. 6 Jasmonic acid (JA) endogenous levels in Guadua chacoensis in vitro
culms after 0, 10, 20 and 30 days culltured in light and darkness conditions.
Mean values =+ standard deviation. Different uppercase letters indicate
differences in same treatment along the evaluation time, according to SNK test
(p<0.05). CV - Light: 13.65%; 13.55%; 11.27%; 22.14%. Darkness: 13.65%;
5.62%; 25.07; 14.87%.

5.3.3 Chlorophyll and carotenoids quantification
Chlorophyll and carotenoids quantification demonstrated that
partially etiolated and etiolated culm presents, in general, lower content

of these pigments than green culms, as expected (Table 1).

Table 1. Levels of chlorophyll a, b and total, and carotenoids of green, partially
etiolated and etiolated culms of Guadua chacoensis at day 30 in culture.

Chl a Chlb Chl total C yre
(ng mg"' FM) (ng mg'FM) (ngmg'FM)  (pg mg"' FM)
Green 0.133 a 0.040 a 0.173 a 0.0273 a
Partially 0.042 b 0.007 a 0.049 b 0.0126 b
Etiolated
Etiolated * * * *

Different lowercase letters in column indicate significant differences according to the Student's
t-test (p < 0.05). *Values below the detection limit. FM: fresh material. C ..: carotenoids
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5.4 Discussion

5.4.1 Chloroplast ultrastructure under light and darkness
conditions

Chloroplast ultrastructure analyses during 30 days of in vitro culture
of G. chacoensis culms provided some evidences that light is a key
factor in normal chloroplast development. In this condition, chloroplasts
usually presented a mature structure, with all the typical characteristics,
including double membrane envelope, thylakoids organized in grana
and plastoglobuli. In contrast, in darkness condition, we observed some
atypical characteristics, such as the reduction of thylakoids membranes.

In vitro cultures usually require carbohydrate supplementation as a
source of carbon and osmotic agents, as they are in a photomixotrophic
environment with low rates of gas exchange, low CO, concentration and
poor quality of light conditions (Sandhu et al. 2017). As a consequence
of the environment conditions, in vitro cultures are not able to produce
its own carbohydrate, so sucrose is usually supplemented to the culture
medium.

Sucrose can be catabolized and stored as starch, the major form of
carbohydrate storage in plants, with its synthesis occurring inside the
plastids (Geigenberger 2011). In our study, we observed the
accumulation of starch granules in the early stages of chloroplast
development under light at day 10 (Fig.2c-d), and it is subsequent
absence in days 20 and 30 (Fig.2e-g). Previous studies (Mangat et al.
1990; Sulpice et al. 2009; Lee and Huang 2013) have demonstrated the
relationship between the starch granules formation as a consequence of
sucrose supplementation to different species in vitro cultured, and in
both organogenesis and somatic embryogenesis morphogenetic routes.

Mangat et al. (1990) demonstrated that during Begonia rex
organogenesis, with addition of 3% sucrose in the culture medium,
starch accumulation was observed in the first days of culture, with a
maximum in about 4-6 days. These starch granules decreased as the
shoots were under development, concluding that starch was probably an
energy source used in plant initiation and posterior development. Lee
and Huang (2013), studying callus of two rice cultivars, observed that in
the most responsive cultivar, the glucose, fructose and starch levels were
higher during callus induction and were gradually reduced when
transferred to regeneration culture medium. Sulpice et al. (2009) also
emphasizes that starch accumulation can be considered the driver of
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growth and development of plants because they control carbon
availability for plants.

In the present study, we propose that starch accumulation in
chloroplasts at day 10 in light condition could be associated with the
sucrose supplementation in culture medium, which was stored as starch.
Furthermore, the absence of these starch granules in chloroplasts during
latter stages (days 20 and 30) could be a consequence of the use of these
carbohydrates as energy source to sustain plant development process.

During chloroplast development of some species, a structure named
chloroplast peripheral reticulum (PR) can appears connected to the inner
envelope membrane. The presence of PR could be detected in our study,
at day 30 of light condition (Fig.2 g-h). These PRs observed could be
classified as PR Type II, which are characterized as a system of densely
and packed vesicles in the plastid periphery and are usually found in C3
and C4 species (Wise and Harris 1984). Many authors suggested that PR
is an adaptive structure that facilitates the metabolites transport into and
out the chloroplast, as the presence of PRs increase the area of the inner
envelope membrane (Laetch 1968; Heldt and Sauer 1971; Wise 2007;
Szczenpanik and Sowinski 2014).

Chloroplast PR sometimes is associated with low respiration rates,
where the photorespiration is probably dependents of the PR presence,
as proposed by Hilliard and West (1971). PR presence is also related
with high light intensity according to Szczenpanik and Sowinski (2014)
that have observed PR system better developed under high light
intensity than in low light intensity in four different grasses species. The
same authors additionally investigated if PR is a phylogenetic partner or
a photosynthetic partner in grasses, and concluded that PR is usually
associated with photosynthetic behavior, and that in C4 plants this may
be a fundamental adaptation for metabolic transport during
photosynthesis reaction. In our results, the presence of PR in
chloroplasts at day 30, in light condition (Fig. 2h), corroborates with the
possible function as facilitator of metabolic transport. At this step of
culture, the quantity of metabolites available for plant growth are
probably scarce, and PR can provide the migration of some metabolites
from the outside to the inside of the chloroplast, allowing chloroplast to
keep their functionality and ensure plant development.

During the life cycle of organelles, senescence is a natural occurring
process that corresponds to the last development step before organelles
death. Chloroplast is the first organelle to show ultrastructural indicators
of senescence, such as thylakoids disorder, increased number of
plastoglobuli and collapse of double membrane envelope (Blswal and
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Biswal 1988). In the present study, these same signals were observed in
chloroplast at day 10 of darkness condition (Fig.2i-j), as well as in
chloroplast at day 20 of light condition (Fig.2 e-f).

Senescence can be seen as a natural process along plastids
development or can be induced by some stress condition. Plastoglobuli
number can increase in response to abiotic conditions that promote
stress in photosynthetic apparatus (Austin et al. 2006), such as drought
and high saline concentration. Bréhélin et al. (2007) also reported the
involvement of plastoglobuli in stress response, and suggested that
plastoglobuli should be seen as a cellular organelle involved with
secondary metabolism compounds and stress response, rather than as a
simples storage organelle. In our study, senescence chloroplasts in day
20 of light could be associated with natural degradation along plastid
living. In contrast, the senescing chloroplast observed during the
darkness growth, at day 10, is probably consequence of the dark
treatment.

Although etioplast formation was expected to occur during dark
growth, in our study it was not observed. The most important
characteristic of etioplasts is the unique paracrystalline membrane
system known as prolamellar bodies (PLB) connected to prothylakoids
membranes (Solymosi and Keresztes 2012). In our study, at day 20 of
darkness (Fig. 2k), it was observed the presence of stroma thylakoids
organized in lines, without the presence of PLB, indicating that these
plastids can not be classified as etioplast. We believe that etioplast
formation was inhibited as a consequence of the cytokinins
supplementation in the culture medium, as well as the high endogenous
level of Z observed (Fig. 3). Moreover, the conversion of chloroplast to
etioplast could be repressed because the initial chloroplasts were fully
developed.

Cytokinins are usually related with chloroplast maturation (Stetler
and Laetsch 1965; Polanska et al. 2006; Cortleven and Schmiilling
2015). Stetler and Laetsch (1965) demonstrated that chloroplast
maturation of tobacco culture tissues were dependent on the kinetin
supplementation to develop a complete mature chloroplast. Also that
cultures growth in dark conditions presented few thylakoids and was not
able to develop grana and PLB, not converting to etioplast. Even though
plastids are known to be easily reversible between the different types,
the only exception of total reversibility is between fully development
chloroplast to etioplast (Lindquist et al. 2016).
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5.4.2 Hormone Quantification

The signaling function of phytohormone in many processes of plant
development and in physiological and stress response (Erland et al.
2017) indicates that quantification of endogenous levels of hormones
can provide important insights about the behavior of G. chacoensis
culms under etiolation condition.

In our study, Z endogenous levels showed a similar response in light
and darkness conditions, with a considerable decrease at day 10, follow
by and increase at day 20 and 30 (Fig. 3) Cytokinins appear to be
involved in sucrose transport and metabolism (Gibson 2004), and the
sucrose supplementation in culture medium could lead to alterations in
its endogenous levels.

A previous report has shown that the glucose supplementation in
darkness growth can promote a decrease followed by an increase in
cytokinins endogenous levels (Stirk et al. 2014). This behavior was
considered a consequence of the plant metabolism adjustment to initiate
CK biosynthesis, using the energy supply provided by the glucose
supplementation (Stirk et al. 2014). The same authors additionally
proposed that energy supply is most important to cytokinins
biosynthesis than light supply.

Suzuki et al. (2010) also found similar results in dark-induced
treatment of Catasetum fimbriatum (Orchidaceae), and proposed that an
increase in CK endogenous level could be understood as a signal of
nutrient translocation to guarantee etiolation. In our study, we observed
a higher Z endogenous content in comparison with the other hormones
analyzed. We believe that the accumulation of this hormone in G.
chacoensis culms could be a result of the BAP supplementation in the
culture medium.

Additionally, CK are strongly related with plastids, such as
chloroplast maturation (Stetler and Laetsch 1965; Polanska et al. 2006;
Cortleven and Schmiilling 2015), thylakoids formation (Cortleven and
Schmiilling 2015) expression of some chloroplast related genes (Parthier
1979), and inhibition of etioplast formation as we proposed. So, the
higher endogenous levels observed compared to the other analyzed
phytohormones can be expected in our results.

ABA corresponds to another class of phytohormone directly
interconnected with chloroplast. ABA has been associated with the
repression of gene expression of some important chloroplast-related
genes (Kusnetsov et al. 1994; Yamburenko et al. 2013). In the present
work, the quantification of ABA endogenous level in darkness did not
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present considerable changes in their levels along the 30 days of
evaluation (Fig.4). This behavior suggests a possible reduction in the
ABA biosynthesis in darkness, which can be related with the reduction
of carotenoids (ABA precursors) endogenous content (Seo and Koshiba
2002).

In our study, we also observed lower carotenoids endogenous
content, as well as lower levels of chlorophyll a, b and total in etiolated
and partially etiolated material at day 30 (Table 1). Thus, we proposed
that ABA Dbiosynthesis in darkness condition is inhibited as a
consequence of the reduction in carotenoids content. Grybz et al. (2017)
also reported reduction on ABA endogenous levels in etiolated explants
as compared with light-cultured explants, and also suggested that it
could be a consequence of the reduction in carotenoids levels.

Additionally, the reduction of ABA endogenous levels during
darkness condition can be associated with reduction in thylakoids
number during darkness, as most of carotenoids are found in thylakoids
membranes (Sun et al. 2017). This could be perceived especially at day
30 in darkness, where a drastically reduction in the presence of
thylakoids membranes was observed when compared with day 30 of
light treatment.

GA influence in plant morphogenesis has already been shown in
previous studies (Fleet and Sun 2005; Alabadi et al. 2008; Li et al.
2015). GA quantification in G. chacoensis culms showed that GA4
endogenous levels in light are higher than in darkness conditions, and
likewise, the levels on darkness growth are almost unchangeable (Fig.
5). The reduction in the production of GA4 in darkness treatment is
probably correlated with the repression of photomorphogenesis driven
by PIFs. Photomorphogenesis response can also be repressed indirectly
by the action of DELLA proteins that provoke repression of PIFs (Li et
al. 2015). Additionally, DELLA proteins are already characterized as
negative regulator of GA response (Sun 2008).

Li et al. (2015) proposed that the gene DETI is responsable by
repression of photomorphogenesis in darkness. Its action is drived in
parts by the negative regulation of DELLA proteins, which is a
promoter of photomorphogenesis. These negative regulation estimulated
the repression of PIFs, consequently photomorphogenesis response is
altered. The same authors also demonstrated that although gene
expression quantification of DET1 shows difference, the content of
bioactive GA does not show considerable difference between the
samples evaluated.
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Jasmonic acid response to biotic stress, such as pathogens attack, is
further best characterized than its response to abiotic stress. However, it
is well known that plant response to biotic and abiotic stress is
accomplished by changes in endogenous levels of hormones (Du et al.
2013). Accumulation of JA endogenous levels in G. chacoensis culms
subjected to light condition and its reduction in darkness proposes a
negative response in JA biosynthesis under stress caused by etiolation
treatment (Fig. 6).

A significant relationship between JA biosynthesis and light has been
demonstrated. A variety of JA co-receptors can influence light response
and light-signaling compounds such as phytochrome can influence JA
gene expression and response (Kazan and Manners 2011). So, the higher
JA endogenous levels in light treatment are probably associated with the
active JA biosynthesis when culms are exposed to light. As etiolation is
sensed by the plant as an abiotic stress, the increased drastically
decrease at day 30 in darkness conditions demonstrated that darkness
evokes a reduction in JA endogenous levels.

Our results regarding JA decrease in darkness are in agreement with
those reported by Du et al. (2013). These authors observed that the heat
stress in rice reduced JA endogenous levels and also the gene expression
of some JA biosynthesis genes. Despite of this, it is important to
emphasize that knowledge about changes in JA levels in plants in
response to abiotic stress is still reduced, and different responses can be
observed to different abiotic stress. Du et al. (2013) also observed that
cold and drought treatments cause opposite responses, with increased JA
levels as well as up-regulation in gene expression. Many questions about
JA response to abiotic stress still open; however, our study provides new
insights about plant response under darkness growth.

5.5 Concluding remarks

Taken together, our results indicated different starch accumulation
pattern in chloroplasts in light or darkness conditions. In light treatment,
a decreased number of starch grains was observed during in vitro
culture, probably associated to providing energy for plant initiation and
posterior development. Differently, in darkness conditions, improved
amyloplast formation was observed. Complete etioplast formation was
not observed in darkness conditions, as expected. We hypothesize that
this process could be inhibited by cytokinin supplementation in the
culture medium.
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Variable responses in endogenous levels of phytohormones, as a
consequence of light or darkness conditions, could be observed in G.
chacoensis culms. ABA, GA and JA biosynthesis decreased in darkness
conditions, suggesting a strong relationship between light and these
phytohormone levels. Additionally, Z and ABA showed to be closely
related with plastids formation, by a positive and negative way,
respectively. The first one influences chloroplast maturation, and the
second were apparently influenced by carotenoid levels.
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6 CONCLUSOES E PERSPECTIVAS

Os resultados apresentados neste trabalho indicam que o
estiolamento in vitro pode afetar os parametros morfoldgicos,
bioquimicos e histoldgicos de plantas pré-estabelecidas in vitro de G.
chacoensis. Isto porque o uso desta técnica resultou em algumas
alteragdes importantes na morfologia das plantas, na biossintese de
poliaminas e horménios vegetais, bem como na configuragdo dos feixes
vasculares e dos cloroplastos, organelas importantes para o crescimento
e desenvolvimento de plantas.

Plantas mantidas sob condicdo de luz parecem ter um
metabolismo acelerado, apresentando maior proliferacio de brotos,
apesar de ndo diferirem altura dos colmos quanto as plantas sdo
mantidas no escuro. Ademais, plantas mantidas na luz parecem
apresentar cloroplastos totalmente funcionais, tendo uma coloragao
esverdeada, enquanto que plantas mantidas no escuro, apos 20 dias,
comegam a apresentar alteragdes em sua coloracdo, ficando amareladas
a esbranquicadas, sendo esta uma caracteristicas tipica de plantas
estioladas e ainda, que os brotos que se desenvolveram no escuro ja
apresentavam estas caracteristicas. Embora as plantas tenham comec¢ado
a conversdo de plantas verdes para plantas estioladas, observou-se que
este tempo de mantimento in vitro ndo foi suficiente para obter brotos
totalmente estiolados de G. chacoensis. Desta forma, estudos sequentes
com tempo de manutengao in vitro superior a 30 dias, serdo importantes
para definir o exato comportamento de plantas de G. chacoensis no
estiolamento.

Os teores de poliaminas obtidos neste trabalho evidenciam a
existéncia de uma correlagdo positiva entre a luz e a sua biossintese.
Elas estdo completamente interligados, visto que alteracdes nos
contetidos de poliaminas foram mais expressivos em materiais vegetais
mantidos na luz e ainda, de forma generalizada, os contetidos do
material vegetal mantido no escuro apresentava-se inferiores ao da luz.
Embora estudos tenham sido encontrados comprovando a interagdo
entre fitocromos - receptores da luz nas plantas, biossintese de
poliaminas por analises moleculares da expressdo do gene ADC - um
dos precursor da rota de biossintese de PAs e respostas
fotomorfogénicas, ndo foram encontrados estudos com bambus. Diante
disso sugere-se que a realizacdo da analise da expressdo génica do gene
ADC em plantas de G. chacoensis nos mesmos tempos analisados neste
estudo seriam de grande valia para a confirmagao desta hipdtese.
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A biossintese de hormdnios vegetais também parece estar ligada
a luz de acordo com os resultados obtidos. Respostas variadas nos teores
endogenos dos fitormonios Z, ABA, GA e JA para as condi¢des de luz e
escuro foram observadas. Os teores de Z praticamente ndo foram
afetados pelo estiolamento, enquanto que nos conteudos de ABA, GA e
JA ocorreram decréscimo, indicando que sua biossintese é afetada pelo
estiolamento. Estas diferentes respostas estdo completamente
interligadas com a acdo destes hormodnios vegetais nos diferentes
processos relacionados ao crescimento e desenvolvimento das plantas.
Por exemplo, a presenca de zeatina em quantidades adequadas no escuro
esta relacionada com a atuagdo deste horménio no processo de
maturagdo e desenvolvimento dos cloroplastos. Concomitantemente, as
reducdes dos teores de ABA no escuro, estdo relacionadas com o
decréscimo nos teores de carotendides - precursores da biossintese de
ABA, que ocorre no escuro.

A auséncia da visualizagdo de etioplastos em materiais vegetais
mantidos no escuro analisados através da técnica de MET, no presente
estudo, se justifica pela auséncia de plantas totalmente estioladas e
ainda, que este processo pode ter sido inibido pela presenga de citocina
no meio de cultura, sendo esta considerada inibidora do processo de
conversdo de plastidios a etioplastos. Novos estudos com objetivo de
elucidar pontos de controle da conversdo de cloroplastos a etioplastos
utilizando meio de cultura com e sem a adigdo de citocinina serdo
importantes para a confirmagdo desta hipotese. Ainda, diferentes
comportamentos quando a presenga de grdos de amido na luz e no
escuro parecem estar relacionados com os processos de crescimento e
desenvolvimento dos materiais e a necessidade do uso de amido nestes
processos.

A caracterizacdo dos colmos por meio de microscopia Optica
evidencia que o tempo de estiolamento utilizado neste estudo parece nio
influenciar drasticamente a configuragdo geral dos colmos, e ainda, que
os feixes vasculares parecem ser os primeiros tecidos influenciados pelo
estiolamento.

Como perspectivas de trabalho no doutorado pretendo tentar
responder algumas das perguntas que ainda ficaram abertas nesta
dissertagdo, e ainda desenvolver estudos a respeito da quantificacdo de
carboidratos e de metilagdo de DNA global de materiais de G.
chacoensis submetidos ao processo de estiolamento. Acredita-se que a
resolu¢do destas perguntas levariam a uma maior entendimento da
influéncia do uso de estiolamento in vitro em plantas de G. chacoensis ¢
obtengdo de um namero maior de propagulos obtidos por
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micropropagacdo. Além disso, pretendo estudar o processo de
embriogénese somatica para esta espécie, visto que os estudos de
propagacdo de bambus por meio desta rota ainda s@o escasso.









