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RESUMO

O uso de bioenergia tem sido apontado como uma estratégia para diminuicdo da
utilizacdo de combustiveis fosseis. Fundamentado nesse fato, muitos paises,
incluindo o Brasil, aumentaram os esfor¢os para financiar pesquisas com espécies
vegetais produtoras de biocombustiveis. Dentre essas espécies, Jatropha curcas L.
destaca-se pelo alto potencial para producao de 6leo. Visando a propagacao clonal
e massal de acessos elite de J. curcas, técnicas de cultura de tecidos tém sido
aplicadas. Entretanto, diferentes autores frisaram a necessidade de ampliacdo de
estudos envolvendo ferramentas da cultura de tecidos vegetais, dentre elas a
poliploidizacao in vitro. A inducdo de poliploides in vitro € uma importante ferramenta
no melhoramento genético de plantas, por possibilitar a obtencdo de maior
variabilidade de materiais com possiveis incrementos de caracteristicas
agrondmicas desejaveis. Nesse sentindo, um dos objetivos deste trabalho foi
estabelecer um protocolo de indugéo in vitro de plantulas poliploides da variedade
‘Gongalo’ (2C = 0.85 pg, 2n = 2x = 22 cromossomos). Os resultados de citometria de
fluxo evidenciaram que tetraploides e mixoploides foram obtidos a partir de apices
caulinares tratados com diferentes concentracdes de colchicina e tempos de
exposicao. Fundamentado em trés parametros (numero de plantulas sobreviventes,
tetraploides e mixoploides), o tratamento envolvendo 0,5 mM de colchicina a um
pulso de 96 horas foi considerado o mais adequado. Com base nesse resultado, um
segundo experimento de poliploidizacéo foi realizado somente com a dosagem de
0,5 mM com pulsos de 96, 120, 144 e 168 horas. Os resultados confirmaram que a
concentracdo de 0,5 mM por 96 horas é ideal para indugdo de tetraploides de J.
curcas ‘Gongalo’. Plantulas mixoploides também foram encontradas nos tratamentos
comO0,5 mM de colchicina aos pulsos de 96, 120 e 144 horas. Visto a relevancia da
propagacédo clonal e massal de acessos elite de J. curcas, inclusive das plantulas
poliploides obtidas no primeiro estudo, o presente trabalho também teve como
objetivo induzir a calogénese in vitro a partir de explantes foliares. Os resultados

mostraram que a combinacdo &cido 2,4-diclorofenoxiacético (2,4-D)/cinetina (KN)
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promoveu maior numero de explantes com calos fridveis quando comparado a
combinacdo acido indol-3-butirico (AIB)/KN. Dessa forma, o procedimento
envolvendo a combinacdo auxina/citocinina é fundamental para gerar calos friaveis,
0S quais representam a base para estabelecimento de um sistema embriogénico in
vitro de acessos elite. Pela primeira vez, um sistema de cultura de tecidos foi
adaptado para indugéo, propagacgéao e recuperacéo de tetraploides e mixoploides de
J. curcas ‘Gongalo’. Além disso, os dados gerados contribuem para criacdo e

ampliacdo de bancos de germoplasma in vitro da espécie.

Palavras-chaves: poliploidizacdo in vitro, citometria de fluxo, tetraploides,

mixoploides, calogénese.
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ABSTRACT

The use of bioenergy has been suggested as a strategy for reducing the utilization of
fossil fuels. Thereafter, many countries, including Brazil, have increased efforts to
fund the research of plant species for biofuel production. Among these species,
Jatropha curcas L. stands out mainly due to its high potential for oil production. Thus,
tissue culture techniques have been applied aiming at the mass and clonal
propagation of J. curcas elite lines. However, different authors have emphasized the
necessity of expanding studies that involve plant tissue culture tools such as in vitro
polyploidization. In this sense, the present study sought to establish a protocol for in
vitro induction of polyploid seedlings from shoot tips of the variety ‘Gonzalo’ (2C =
0.85 pg, 2n = 2x = 22 chromosomes). Flow cytometry revealed mixoploids and
tetraploids obtained from shoot tips treated with different colchicine concentrations
and exposure times. Based on three criteria (survival rate of the explants, and
numbers of tetraploid and mixoploid plantlets), the treatment with 0.5 mM colchicine
in a 96 hour pulse was statistically considered the most appropriate. Based on these
data, a second polyploidization experiment was carried out, using a dosage of 0.5
mM colchicine in pulses of 96, 120, 144 and 168 hours. The results confirmed that
the concentration of 0.5 mM for 96 hours was the ideal treatment for J. curcas
'‘Gongalo’ tetraploid induction. Mixoploid seedlings were also detected in the
treatments with 0.5 mM colchicine in pulses of 96, 120 and 144 hours. Considering
the relevance of mass and clonal multiplication of elite J. curcas accessions, and the
polyploid seedlings obtained in the first investigation, this study further aimed to
establish in vitro callogenesis from leaf explants. The results showed that the
combination of 2,4-dichlorophenoxyacetic acid (2,4-D) and kinetin (Kn) provided
greater number of explants with friable calli in relation to the combination indol-3-
butyric acid (IBA) and Kn. Thus, 2,4-D/Kn was the treatment of choice to generate
friable calli, which are essential for somatic embryogenesis. Ultimately, a tissue
culture system was adapted for induction, propagation and recovery of in vitro
tetraploids from the J. curcas variety 'Gongalo’, as well as other inbred lines. Besides
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providing a new protocol for polyploidy generation, this study also contributed to the
germplasm of J. curcas and the achievement of genetic variability through

obtainment of tetraploid and mixoploid seedlings.

Keywords : In vitro polyploidization, flow cytometry, tetraploids, mixoploids,
callogenesis.
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1. INTRODUCAO

Estudos sobre a utilizacdo de fontes renovaveis de energia tém sido
intensificados nos ultimos anos, incentivados, principalmente, pela escassez e alta
do preco do petrdleo, bem como pelas preocupagbes com as mudancas climaticas
globais. Nesse contexto, a producéo e o uso do biodiesel tém sido fomentado pelo
Governo Federal Brasileiro por meio do Programa Nacional de Producdo e Uso do
Biodiesel (PNPB) (Nunes 2010).

O biodiesel pode ser produzido por diversas fontes de origem vegetal, dentre
elas, destaca-se o0 pinhdo-manso, Jatropha curcas L., pertencente a familia
Euphorbiaceae (Nunes 2010). Segundo Carvalho et al. (2008),J. curcas possui um
genoma relativamente pequeno, com 2n = 22 cromossomos (metacéntricos e
submetacéntricos), conteudo de DNA nuclear equivalente a 2C = 0,85 picogramas e
relacdo de bases AT =61,3% e GC = 38,7%.

J. curcas é um arbusto perene de origem na América Latina e difundido em
todas as regides tropicais do mundo (Deore e Johnson 2008). A resisténcia a seca, a
adaptacado a varias condi¢des climaticas e de solo, a rapida taxa de crescimento e
perenidade sdo caracteristicas preferiveis para a sele¢cédo e cultivo dessa espécie
(Roy e Kumar 1990; Roy 1998;).

As sementes de J. curcas sédo de grande interesse comercial em virtude do
0leo armazenado e do potencial desse como biocombustivel. Para explora-lo em
uma extensdo maxima, € necessario selecionar o melhor gendtipo para teores e
qualidade de 6leo (Kalimuthu et al. 2007). O 6leo de J. curcas contém acido
linolénico e acido oleico, que juntos respondem por até 80% da composi¢cdo. O
biocombustivel de J. curcas é limpo, ndo toxico, apresenta maior qualidade da
combustéo, econémico e de baixo custo de producédo (Jha et al. 2007).

Em virtude da relevancia econdmica de J. curcas, ferramentas
biotecnolégicas vém sendo empregadas para fornecer subsidios aos programas de
melhoramento e de conservagao ex e in situ, e para o estabelecimento de bancos de
germoplasma de J. curcas (Sujatha et al. 2005; Deore e Johnson 2008; Kaewpoo e
Te-Chato 2010; Kalimuthu et al. 2007; Khemkladngoen et al. 2011).Nesse contexto,
técnicas de cultura de tecidos vegetais destacam-se por possibilitara preservacao de
germoplasma, propagacdo rapida e melhoria da cultura no que se refere a

produtividade e, consequentemente, lucratividade (Thepsamran et al. 2006). Além
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disso, a cultura de tecidos, mais especificamente a micropropagacao, pode propiciar
a producdo comercial continua de mudas de pinhdo-manso, bem como gerar
variabilidade, fundamental para o melhoramento genético (Nunes 2010).

Uma das principais aplicacdes da cultura de tecidos nos programas de
melhoramento é a inducdo de poliploides in vitro, visto que a obtencdo desses
organismos tem sido empregada para producédo de novas variedades (Koutoulis et
al. 2005).

A poliploidizagdo in vitro muitas vezes resulta em individuos com
caracteristicas morfologicas superiores aos individuos diploides (planta doadora de
explante), como maior adaptabilidade e tolerancia a estresses abioticos. Além disso,
os poliploides tém um nivel de expressdo génica superior, acarretando alteracdes
morfolégicas e anatdmicas interessantes, como aumento dos frutos, aumento do
tamanho das folhas e flores, durabilidade e maior intensidade de cor dos frutos e
flores (Dhooghe et al. 2011).

Protocolos de poliploidizacdo in vitro consistem de vérias etapas. O primeiro
passo € o tratamento do material vegetal com os agentes antitubulinicos, seguidos
da multiplicacéo, e posterior verificagdo da eficiéncia do processo. Fatores como o
tempo de exposicdo, concentracdo do agente antitubulinico, tipo de explante, o
genotipo e a técnica empregada na confirmacdo dos poliploides, sdo decisivas para
a eficiéncia de inducao de poliploidia (Dhooghe et al. 2011).

Com base no exposto, o objetivo deste trabalho é estabelecer um protocolo
de poliploidizacéo in vitro a partir de apices caulinares de J. curcas, com a finalidade
de promover maior variabilidade de plantas essenciais ao abastecimento de bancos
de germoplasma da espécie, disponibilizando-as aos programas de melhoramento.
Em segundo plano, a partir dos materiais do campo induzir calogénese em folhas
para posterior utilizacdo desses calos em sistemas embriogénicos. Protocolo este,
atil para a propagacdo dos materiais obtidos nos experimentos de poliploidizagéo
(plantulas diploides, tetraploides, mixoploides).

15



2. REVISAO BIBLIOGRAFICA

2.1 Caracteristicas gerais de Jatropha curcas L.

O pinhdo-manso (Jatropha curcas L.) pertence a familia Euphorbiaceae. O
género Jatropha compreende aproximadamente 175 espécies, nativas da América
do Sul e Central (Mukherjee et al. 2011). Jatropha deriva da palavra grega “iatr6s”
(médico) e “trophé” (alimento), implicando em seus valores medicinais (Divakara et
al. 2010; Pandey et al. 2012). Linneaus foi quem primeiramente nomeou 0 pinhao-
manso em curcas, no ano de 1753, em “Species Plantarum” (Divakara et al. 2010).

J. curcas recebe varios nomes populares como: pinhdo-manso, pinhéo-
paraguaio, mandiguacu (Brasil), purging nut, physic nut (Inglaterra), purgueira
(Portugal), bagbherenda, jangli arandi, safed arand, bagaranda (india), yu-lu-tzu
(China), sabudam (Tailandia) (Divakara et al. 2010).

De acordo com Kumar e Sharma (2008), esse género € muito diversificado
morfologicamente e suas espécies, aléem de serem amplamente distribuidas nas
regibes tropicais secas da América, foram também introduzidas na Asia e Africa,
sendo hoje, cultivadas em todo o mundo. Caracteristicas como a rusticidade,
resisténcia a seca, ampla adaptabilidade a fatores edafoclimaticos e facilidade de
propagacdo contribuem na distribuicdo de J. curcas para além de suas fronteiras de
origem (Saturnino et al. 2005; Carvalho et al. 2008; Boora e Dhillon, 2010).

Makkar e Becker (2009) relataram que J. curcas possui um crescimento
otimo em temperaturas que variam de 25 a 35°C. Ess a espécie tolera temperaturas
acima de 40° C como, por exemplo, em plantacées na provincia de Luxor no Alto
Eqito, onde as temperaturas excedem aos 40°C em 26 0 dias do ano. Entretanto, J.
curcas pode ser encontrado em regides de altitude elevada onde ocorrem geadas
leves.

Quanto as suas caracteristicas morfolégicas, J. curcas € um arbusto que
pode atingir uma altura de trés a cinco metros e, em condi¢cdes favoraveis, chegar
entre oito a dez metros (Divakara et al. 2010). O tronco possui diametro de
aproximadamente 20 cm, raizes curtas, pouco ramificadas, caule liso. Suas folhas
sao verdes, esparsas, alternas e brilhantes, em forma de palma com trés a cinco
I6bulos e pecioladas (Arruda et al. 2004) (Fig 1).
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Figura 1—- Aspecto geral de plantas de Jatropha curcas L. ‘Goncalo’ com idade aproximadamente de 2

meses, cultivadas em vasos na casa de vegetacao do CCA-UFES. Barra = 3 cm.

J. curcas apresenta floragdo monoica, produzindo flores masculinas e
femininas na mesma inflorescéncia (Divakara et al. 2010), ocasionalmente, ocorrem
flores hermafroditas (Kumar e Sharma, 2008). As raras flores hermafroditas podem
ser autopolinizadoras, entretanto, a polinizacdo geralmente é realizada por insetos,
especialmente abelhas. Cada inflorescéncia produz um grupo de aproximadamente
10 ou mais frutos ovoides (Kumar e Sharma, 2008) (Fig. 2).

De acordo com Peixoto (1973) e Arruda et al. (2004), o pinhdo-manso pode
ser usado para diversos fins: como cerca viva, como suporte para plantas
trepadeiras como a baunilha (Vanilla aromatica) e como fixador de dunas em orlas
maritimas. A raiz principal de J. curcas pode estabilizar o solo contra deslizamentos,
enquanto as raizes superficiais, previnem e controlam a erosdo do solo causada

pelo vento ou pela agua (Pandey et al. 2012).
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Figura 2 — Aspecto geral do sistema reprodutivo de Jatropha curcas L. a) Inflorescéncia. b) flor
masculina; c) flor feminina; d) frutos de J. curcas em maturacao (adaptado de Pan e Xu; 2011). Barra

=1cm.

Propriedades medicinais também sdo encontradas em J. curcas. O latex
serve como cicatrizante e tem ag¢ao antimicrobiana contra Staphylococcus aureus,
Escherichia coli, Klebsiella pneumonia, Streptococcus pyogenus e Candida albicans
(Pandey et al. 2012). As folhas séo utilizadas para combater doencas de pele e as
sementes atuam como purgativo. No entanto, quando ingeridas em excesso, podem
ser perigosas a saude (Arruda et al. 2004).

Além de sua utilizagdo na medicina, J. curcas € uma matéria-prima
promissora para a producgéo de biodiesel (Sirisomboon et al. 2007; Makkar e Becker
2009; Islam et al. 2011; Jingura 2011). O 6leo de J. curcas € uma alternativa viavel
para a fabricacdo de biodiesel, uma vez que possui propriedades fisico-quimicas e
desempenho comparaveis aos combustiveis de origem fossil (Islam et al. 2011). O
biodiesel gerado a partir do 6leo de J. curcas, apés transesterificacdo, atende aos

padrbes exigidos pelos paises americanos e europeus (Tiwari et al. 2007).

2.2 Importancia agroeconémica de J. curcas no cenario mundial

Os combustiveis fésseis trazem consequéncias ambientais negativas, o que
tem estimulado a procura de biocombustiveis renovaveis. Para que se torne uma
alternativa viadvel, um combustivel deve fornecer beneficios ambientais, ser
economicamente competitivo e reproduzivel em grande quantidade sem
comprometer o fornecimento de alimentos (Koh et al. 2011).
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Nesse contexto, a busca por culturas potenciais a producdo de
biocombustiveis tem aumentado recentemente (Demirbas 2003; Gunstone 2004;
Pinto et al. 2005). Dentre as oleaginosas, J. curcas vem se destacando como uma
cultura alternativa no cenario mundial (Pandey et al. 2012), preenchendo os
requisitos mencionados por Koh et al (2011). Tal destaque se deve, principalmente,
a sua alta produtividade, com um conteudo de 6leo relativamente elevado em suas
sementes (30-40%) e uma composicao lipidica semelhante a do combustivel féssil
(Deore e Johnson 2008; Divakara et al. 2010).

A utilizacdo de J. curcas no mundo é retratada em artigos cientificos que
enfatizam sua importancia e os beneficios, principalmente em relacdo a agricultura
familiar, em paises como China (Yang et al. 2012), india (Pandey et al. 2012),
Indonésia, Nicaragua e Brasil (Divakara et al. 2010).

De acordo com dados da FAO (2010), plantios de J. curcas cobrem uma
area global de 900 mil hectares. Desse total, mais de 85% das plantacdes de J.
curcas estdo na Asia, principalmente na India, China e Indonésia. A Africa contém
12 % desse total (120 mil hectares), principalmente em Madagascar e Zambia. A
Ameérica Latina possui cerca de 20 mil hectares de J. curcas, principalmente no
Brasil. A area plantada esta projetada para crescer para 12,8 milhées de hectares
até 2015 (FAO 2010).

Na india, o governo fomenta a producdo de variedades com alta qualidade,
buscando teores de 6leo superiores e uma producéo de 3-5 toneladas de sementes
por hectare (Swarup et al. 2006). De acordo com Jain e Sharma (2010), J. curcas
esta se tornando a futura fonte de biodiesel para a india. A comissdo do governo
desse pais iniciou um programa de crescimento de J. curcas para a producdo de
biodiesel, em virtude de sua produtividade rusticidade e adaptabilidade a regiao
(Jain e Sharma 2010).

De acordo com Yang et al. (2012), o governo chinés também tem apoiado,
nos recentes anos, a producdo em larga escala de J. curcas. O Ministério da Ciéncia
e Tecnologia chinés tem priorizado o cultivo dessa cultura, criando projetos
fundamentais para pesquisas voltadas ao melhoramento genético e planejamento
das regides adequadas de cultivo (Yang et al. 2012).

Paises africanos como o Zimbabwe tém mostrado interesse na producéo de
J. curcas como a principal matéria-prima para o0 seu programa de producdo de

biodiesel (Jingura 2011). Desde o ano de 2005, a producdo dessa cultura tem
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ganhado impulsos, sendo a meta produzir, pelo menos, 365 mil toneladas de
sementes por ano (Jingura 2011).

A utilizacdo de combustiveis alternativos no Brasil tem sido estimulada pelo
governo por meio do Programa Brasileiro de Producéo e Uso do Biodiesel (PNPB).
O PNPB foi criado por meio da Lei 11.097 em janeiro de 2005. Essa lei dispde sobre
a introducdo do biodiesel na matriz energética brasileira de forma a atender os
percentuais minimos de 6leo exigidos (BRASIL, Lei 11.097). O artigo 15 desta lei
estimula o fomento destinado a projetos voltados a producéo de biocombustiveis.

Em janeiro de 2008, foi publicada no Diario Oficial da Unido a Instrucéo
Normativa n° 14, que autoriza a inscricdo de J. curcas no Registro Nacional de
Cultivares, medida que alavancou o estabelecimento da cultura no Brasil (MAPA
2012).

Em relagdo aos avangos dessa cultura no estado do Espirito Santo, a
introduc@o de materiais genéticos de J. curcas para pesquisas ocorreu nos anos de
2003 e 2004, o que culminou em campos de observacbes nas Fazendas
Experimentais do INCAPER em Viana e Linhares e em propriedades particulares
nos municipios de S&o Mateus, Colatina e Conceicdo da Barra (INCAPER 2011).

Toledo et al. (2009), estudando o zoneamento agroclimatico de J. curcas no
Espirito Santo, reportam que 14,10% da area do estado estd apta para a
implantacdo da cultura, o que compreende 6.513,54 Km?, distribuidos em fracées
nos 34 dos 78 municipios.

Embora a cultura de J. curcas esteja bastante difundida, muitos desafios em
prol do cultivo do pinhdo-manso estdo lancados. A demanda por programas de
melhoramento, a busca de cultivares cada vez mais produtivas, bem como o
conhecimento e caracterizacdo dos diversos acessos em bancos de germoplasma

por meio de ferramentas biotecnolégicas ainda sdo requeridos.
2.3 Aspectos citogenéticos e citométricos de J. curcas

InformagBes com base no numero cromossOmico s&0 extremamente
relevantes para determinar relacdes entre as espécies de plantas, além de

representar o primeiro conjunto de dados que levam a compreensao do genoma de

qualquer espécie (Mukherjee et al. 2011).
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A citogenética vegetal contribui com os programas de melhoramento,
disponibilizando informacdes Uteis com base na origem de poliploides, estudos de
alteragcbes cromossOmicas decorrentes da propagacado in vitro, caracterizagdo de
diversos acessos em bancos de germoplasma além de gerar dados taxonémicos.

Além da citogenética, a citometria de fluxo (CF) € uma ferramenta muito (til
para estudos relacionados ao genoma de plantas (nivel de ploidia, conteddo de
DNA, verificacdo da estabilidade de ploidia) e de extrema importancia para
programas de melhoramento, especialmente, quando surge a necessidade de
caracterizar determinado acesso e avaliar plantas decorrentes do processo de
propagacéao in vitro (Ochatt et al. 2011).

Poucos estudos em relacéo a citogenética e citometria foram realizados para
J. curcas. De acordo com dados de Mukherjee et al. (2011) elPCN (2012), a maioria
das populacdes de J. curcas apresenta 2n = 2x = 22 cromossomos. Entretanto, ha
relatos da ocorréncia de populacbes de J. curcas com 44 cromossomos
(Soontornchainaksaeng e Jenttikul 2003; IPCN 2012).

Soontornchainaksaeng e Jenjittikul (2003) relataram a cariologia de
microsporocitos de 5 espécies de Jatropha presentes na Tailandia. Esses autores
destacaram que as espécies estudadas, incluindo J. curcas, apresentaram uma
configuracdo meidtica semelhante, um namero cromossémico de 2n = 2x = 22 e um
namero basico de x = 11.

Carvalho et al. (2008), utilizando a técnica de dissociacdo celular seguida de
secagem ao ar e analise de imagem, obtiveram o cari6tipo da variedade, e utilizando
a CF caracterizaram o tamanho do genoma, a composi¢cao de bases de J. curcas
‘Goncgalo’. Preparacdes cromossOmicas de alta qualidade foram obtidas pelos
mesmos autores, que mostraram que a variedade ‘Gongalo’ apresenta 2n = 2x = 22
cromossomos, variando em comprimento total entre 1,71 e 1,24 pm. Destes, 5
cromossomos foram classificados como metacéntricos (1, 2, 5, 6 e 11) e 6
submetacéntricos (3, 4, 7, 8, 9, 10).0s autores, utilizando a CF, concluiram que essa
variedade apresenta um valor 2C nuclear equivalente a 0,85 pg, além de uma
porcentagem de bases AT =61,3% e CG = 38,7%.

Dahmer et al. (2009), empregando a técnica de esmagamento, também
realizaram estudos com cromossomos mitdticos de 5 populacbes de J. curcas:

‘Filomena’, ‘Bento’, ‘Oracilia’, ‘Paraguasst’ e ‘Goncalo’. Todas as populacbes
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avaliadas apresentaram mesmo numero cromossémico de 2n = 2x = 22, conforme
relatado por Carvalho et al. (2008) e Soontornchainaksaeng e Jenijittikul (2003).

Mergonar et al. (2010) analisaram cinco populacdes de J. curcas ocorrentes
em Alta Floresta — MT por meio de bandeamento AgNOR. Os resultados obtidos
possibilitaram a identificacdo da regido organizadora nucleolar, localizada préoxima
ao centrdbmero nos cromossomos 1 e 3.

Estudos acerca da citogenética vegetal séo realizados ndo s6 com o intuito
de caracterizar determinados genoétipos, como é o caso de J. curcas, mas também,
com a finalidade de verificar a estabilidade genética de plantas micropropagadas
(Thiem e Sliwinska 2003). Alteracdes no nivel de ploidia do DNA (poliploidizagéo,
aneuploidias ou mixoploidias) estdo entre as mais frequentes variacdes genéticas
encontradas em culturas in vitro (Thiem e Sliwinska 2003).

A CF foi utilizada por Kaewpoo e Te-Chato (2010), para avaliar a
estabilidade de ploidia de plantas micropropagadas a partir de epicétilos e
hipocétilos de J. curcas. Os resultados encontrados por estes autores mostraram um
valor 2C nuclear semelhante para as plantas provenientes dos dois tipos de
explantes.

Dessa forma, estudos nesse sentido sdo de relevancia nos processos de
propagacao in vitro de J. curcas. A associacdo das técnicas de CMF e citogenética
antes e apos a propagacao dessa cultura € imprescindivel para avaliar a fidelidade

genética do gendtipo em estudo.

2.4 Aspectos da propagacgao in vitro de J. curcas

Com os plantios comerciais de J. curcas aumentando, cresce a demanda de
materiais homogéneos e de alto rendimento agronémico.A grande maioria das
culturas de J. curcas provém da propagacao por estaquia e sementes.Porém, esses
meétodos possuem inumeras limitacbes quando se trata de plantios em larga escala,
em virtude, principalmente, da limitacdo de mudas produzidas e da baixa viabilidade
das sementes (Kumar e Reddy 2012).

Outro fator a ser considerado na propagacdo convencional se deve a
polinizacdo cruzada, que gera sementes de potencial genético desconhecido
(Jingura 2011). A principal limitacdo no cultivo em larga escala como cultura

energeética é a baixa e inconstante produgcdo de sementes em virtude da natureza
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heterozigética das plantas (Mukherjee et al. 2011). Consequentemente, a
uniformidade genética em materiais de plantacdo é inconstante, ndo sendo possivel
garantir qualidade nos teores de 6leo (Mukherjee et al. 2011; Kumar e Reddy 2012).

J. curcas apresenta grande variabilidade da produtividade entre plantas
individuais. Os rendimentos de semente variam de 200 g para mais 2 kg por planta
(Jingura 2011). Nesse sentido, a produtividade poderia ser melhorada por meio do
emprego de ferramentas biotecnoldgicas (Kumar e Sharma 2008). A biotecnologia
vegetal tornou-se cada vez mais importante em nivel global por oferecer
oportunidades para aumentar a sustentabilidade, rentabilidade e a competicdo
internacional na agricultura (Rani e Raina 2000).

Nesse contexto, o cultivo de clones de J. curcas de alto rendimento assume
importancia para atender o fornecimento em larga escala, procurando assegurar a
continua qualidade do material de plantio (Sujatha et al. 2005, Singh et al. 2010).

Técnicas de cultura de tecidos tém sido desenvolvidas visando a
propagacdo e conservacao de genotipos selecionados (Engelmann 1991; Kumar e
Sharma 2008). Essas técnicas fornecem alta taxa de multiplicagcdo, em comparacéao
com procedimentos convencionais de propagacdo, minimizam o risco de infec¢des
ocasionadas por fungos, virus e insetos-pragas, além de reduzir a erosdo genética
(Kumar e Sharma 2008). Em definicdo, a cultura de tecidos compreende um grupo
heterogéneo de técnicas mediante as quais um explante é cultivado assepticamente
em um meio de composicdo quimicamente definido sob condicdes ambientais
controladas (Roca et al. 1991).

Segundo Mukherjee et al. (2011), a literatura apresenta estudos acerca da
propagacéo in vitro de J. curcas, como protocolos de organogénese direta e indireta,
a sistemas de embriogénese , a partir de diferentes explantes.

Protocolos de organogénese direta foram desenvolvidos por diversos
autores. Rajore e Batra (2005) induziram brotac6es em apices caulinares, a partir da
combinacdo de 6 - benzilaminopurina (BAP), acido indol-3-acético (AlA), sulfato de
adenina e glutamina. Em 2007, Kalimuthu et al. induziram brotos utilizando explantes
nodais em meio suplementado com combinacdes de reguladores de crescimento
como o BAP, cinetina (KN) e AIA. Deore e Jonhson (2008) induziram brotos
adventicios a partir de explantes foliares de J. curcas, utilizando thidiazuron (TDZ),

BAP e acido indol-3-butirico(AIB). Kaempoo e Te chato (2010) desenvolveram um

23



protocolo de inducéo de brotos a partir de epicétilos em meio suplementado com KN
e TDZ e hipocétilos em meio contendo KN e AIB.

Kumar et al. (2011) desenvolveram protocolo de regeneracédo direta a partir
de peciolos de J. curcas suplementados em meio de cultivo com diferentes
concentragdes de TDZ. Sharma et al. (2011), avaliando diferentes genétipos toxicos
e nao-toxicos de J. curcas, obtiveram alta taxa de brotacdo em meio suplementado
com TDZ, utilizando hipocétilos como explantes. Kumar e Reddy (2012) avaliaram a
organogénese direta de peciolos cotiledonares de 3 gendtipos elite de J. curcas
suplementados com TDZ.

Protocolos de organogénese indireta sdo reportados por Varshney e
Johnson (2010), em meio suplementado com BAP, Kn, AIB, polivinil pirrolidona
(PVP) e acido citrico, utilizando embrides imaturos. Rajore e Batra (2007) induziram
organogénese a partir de cultura de calos de J. curcas em meio MS suplementado
com BAP e AIB.

Trabalhos de embriogénese somatica indireta em J. curcas sao relatados por
Jha et al (2007). Esses autores induziram a formacao de calos com KN e posterior
inducao de embrides globulares em meio MS suplementado com KN e AIB, seguidos
da adicdo de sulfato de adenina para maturacdo desses embrides, utilizando
fragmentos foliares como explantes.

Cai et al. (2011) utilizaram embrides zigéticos para a inducdo da
embriogénese de 3 acessos de J. curcas de um banco de germoplasma na China.
Os autores utilizaram meio de cultura suplementado com &cido 2,4-
diclorofenoxiacético (2,4-D), e um segundo meio liquido, sem reguladores de
crescimento, porém acrescido de asparagina e glutamina para maturacdo dos

embrides.

2.5 Poliploidizagdo in vitro: uma importante ferramenta no melhoramento de

plantas

Uma das principais aplicacdes da cultura de tecidos aos programas de
melhoramento é a inducdo de poliploides in vitro, visto que a obtencdo desses
organismos é empregada para producdo de novas variedades (Koutoulis et al.
2005).
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Com o desenvolvimento de técnicas de cultura de tecidos e citogenética, a
poliploidizacdo in vitro tornou-se o principal método para inducdo de plantas
poliploides (Zhang et al. 2008). A poliploidizacdo natural ou artificial € uma
caracteristica comum do genoma de plantas (Hanchok 2005). Os organismos
poliploides normalmente tém o seu padréo de expressao génica alterado em virtude
do “efeito gigas”, o que pode promover a adaptacdo a uma ampla variedade de
habitats em comparacdo com seus progenitores diploides (Otto e Whitton 2000). O
padrdao diferencial da expressdo génica nas plantas poliploides também pode
acarretar o aumento celular, promovendo um incremento na produtividade e no
tamanho de 6rgaos vegetais (Gao et al. 2002; Jesus-Gonzales e Weathers 2003).

A poliploidia resulta em uma ampla gama de efeitos sobre as plantas,
incluindo aumento significativo de frutos e flores, flores com maior durabilidade,
quebra de barreiras de hibridagédo, auséncia ou diminuicdo do numero de sementes,
tolerancia ao estresse e maior resisténcia a pragas (Sanford 1983; Predieri 2001).

A estratégia de poliploidizacdo também possibilita a duplicacdo
cromossOmica de hibridos interespecificos. Nos programas de melhoramento de
diversas culturas, a hibridacéo interespecifica tem sido empregada para transferir
caracteristicas importantes de progenitores pertencentes a espécies distintas.
Todavia, os hibridos sdo estéreis ou sub-estéreis, em virtude das diferencas do
conjunto cromossémico dos parentais envolvidos. Nesse sentido, a fertilidade dos
hibridos pode ser restaurada pela duplicacdo do nimero cromossémico (Carvalho et
al. 2005).

Varios agentes antitubulinicos, como orizalina, colchicina e trifluralina podem
ser utilizados na inducdo de poliploidia, sendo a colchicina o mais empregado. A
colchicina é um alcaloide extraido de Colchicum autumnale L. capaz de ligar-se aos
dimeros de tubulina, resultando na formacdo de um complexo colchicina-tubulina e
impedindo a polimerizacdo dos microtubulos (Panda et al. 1995; Caperta et al.
2006). Esse fato impossibilita a segregacdo das cromatides irmas na anafase e a
citocinese.

A poliploidizagdo € um processo complexo, no qual ndo existe um protocolo
geral definido. O sucesso da técnica esta atrelado a fatores que vao desde a fase de
inducao até protocolos de confirmacdo do nivel de ploidia. De acordo com Dhooghe
et al. (2011), além dos agentes antitubulinicos, outros fatores devem ser

considerados para a inducdo da poliploidizagdo, como: a) concentracao, b) o tipo de
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explante, c) tempo de exposi¢cdo aos antitubulinicos, d) o método de aplicacéo (pulso
ou continuo), e) gendtipo (planta doadora de explantes) (Dhooghe et al. 2011).

Um sistema eficiente para obtenc¢&o de poliploides in vitro requer, também, a
aplicacdo de métodos efetivos para averiguacdo e monitoramento do nivel de
ploidia. Em comparacdo com o método direto por contagem cromossémica e indireto
por andlise comparativa dos aspectos morfologicos, a citometria de fluxo (método
direto) apresenta a grande vantagem, por ser um método rapido, confiavel e
apropriado para analisar um elevado numero de plantas em tempo habil e em
sintonia com a cultura de tecidos (Brutovskéa et al. 1998; Roux et al. 2003; Loureiro et
al. 2007; Clarindo et al. 2008). Entretanto, além dos métodos citométricos, as
investigacdes citogenéticas também sao realizadas em plantas selecionadas pela
citometria de fluxo para confirmacdo do numero cromossémico (Praca et al. 2009).

A citometria de fluxo (CF) é o método de verificacdo de ploidia mais
abordado atualmente. Trata-se de uma ferramenta prética, para o rastreio do nivel
de ploidia de DNA (Dolezel 1997; Clarindo et al. 2008; Ochatt 2008). Dessa forma, a
citometria de fluxo € extremamente vantajosa para analises de muitos individuos
(Praca et al. 2009). Trata-se de uma ferramenta Unica, que envolve a utilizacdo de
parametros Opticos de células e particulas subcelulares (Dolezel 2007).

A CF em plantas possui vasta aplicacdo, dentre estas, podemos citar a
estimacao do conteudo de DNA, determinacdo da composicao de pares de bases e
determinacao do nivel de ploidia (DoleZel 2007). Essa ferramenta é adequada para a
determinacdo da variagdo de ploidia em amostras como culturas de plantas
propagadas in vitro (Dolezel 2007). A avaliagdo da estabilidade de ploidia in vitro
estd entre as primeiras aplicagbes da CF no melhoramento de plantas (Dolezel
2007).

Com o objetivo de incrementar caracteristicas agronémicas interessantes, a
poliploidizacdo in vitro de lenhosas tem sido reportada em Morus alba (Chakraborti
et al.1998),Morus multicaulis (Xi-Ling et al. 2011),Zizyphus jujuba (Gu et al. 2005),
Chaenomeles japonica (Stanys et al. 2006), Citrus (Zeng 2006), Phlox
subulata(Zzhang et al. 2008), Paulownia tomentosa (Tang et al. 2010), Elaeis
guineensis (Samala e Te-chato, 2012), utilizando colchicina.

Essa metodologia tem sido reportada em lenhosas como no caso das
fruteiras, para restaurar a fertilidade de hibridos, para aumentar o tamanho dos

frutos (Chakraborti et al.1998; Stanys et al. 2006) e diminuir 0 nimero de sementes
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(Stanys et al. 2006). A poliploidizagdo em outros tipos de lenhosas como o caso da
Paulownia tomentosa (produtora de madeira de alta qualidade para a fabricacdo de
moveis, instrumentos musicais, além da utilizacdo medicinal), tem como principal
objetivo diminuir a susceptibilidade a doencas como a vassoura de bruxa, a floracédo
precoce e garantir plantas com maior resisténcia e qualidade (Tang et al. 2010).

A poliploidizacdo de lenhosas como pinh&o-manso, pode promover o
incremento da variabilidade genética gerando novos materiais importantes aos

programas de melhoramento.
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3. OBJETIVOS

Até o presente momento, ndo ha relatos sobre a inducéo de poliploides em
J. curcas. Baseado nesse fato, o principal objetivo do presente trabalho foi
estabelecer um protocolo de poliploidizacéo in vitro dessa espécie e em seguida,
estabelecer um protocolo de inducédo de calos a partir de fragmentos foliares de J.

curcas. Os objetivos especificos foram os seguintes:

a) caracterizar, por meio de ferramentas citogenéticas e de citometria de fluxo (CF),

0 acesso de J. curcas ‘Goncalo’ que sera utilizado como doador de explantes;

b) verificar por meio da CF, possiveis alteracdes no nivel de ploidia de DNA das

plantulas propagadas em meio de regeneragéo de apices sem colchicina;

c) verificar por meio de métodos da CF, o nivel de ploidia de DNA das plantas

provenientes do procedimento de poliploidizacéo in vitro;

d) selecionar o melhor tratamento de inducdo de calos para posterior utilizacao

desse protocolo nos experimentos de propagacao in vitro de poliploides.
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1. Abstract

Jatropha curcas L. has been considered one of the most promising alternatives for
biofuel production and, thus, a relevant economic crop. In this context, in vitro tissue
culture techniques such as organogenesis and embryogenesis have been conducted
for mass clonal propagation of elite J. curcas lines. However, despite advancements,
in vitro induction of polyploids has not yet been related for this crop. In this sense, the
present study attempted to induce polyploidy in plantlets generated from shoot tips of
J. curcas ‘Goncgalo’ (2n = 2x = 22 chromosomes, 2C = 0.85 pg). For this purpose,
some criteria were adopted for selection of the most adequate colchicine treatment:
(a) survival rate of the explants, and (b) number of tetraploid and (c) mixoploid
plantlets. Tetraploid and mixoploid plantlets were obtained from different treatments,
with 0.5 mM colchicine for 96 h being the most efficient. The plantlets were recovered
and clonally propagated in tissue culture medium supplemented with indole-3-acetic
acid (IAA) and 6-benzylaminopurine (BAP). These results show that the tissue
culture procedures were adequate for induction, propagation and recovery of
tetraploid and mixoploid plantlets. Moreover, DNA ploidy level screening by flow
cytometry was a practical and rapid strategy for selection of diploid, mixoploid and
tetraploid plantlets. The tissue culture system presented here represents a reliable

methodology for in vitro polyploid induction of this and other elite lines of J. curcas.

Keywords: Jatropha curcas, biofuelplant, in vitro polyploidization, DNA ploidy level,

flow cytometry, tetraploid plantlets.
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2. Introduction

The genus Jatropha (family Euphorbiaceae, subfamily Crotonoideae, tribe
Joannesieae) comprises over 175 native species, occurring in South to Central
America (Mukherjee et al. 2011), Asia and Africa (Kumar and Reddy 2012). In
particular, the species Jatropha curcas L. has recently been pointed out as a relevant
economic crop (Datta et al. 2007; Kumar and Reddy 2012; Mastan et al. 2012; Eijck
et al. 2012). The most important aspect of this species is its large potential for biofuel
production, owing to high oil content of the seed, rapid growth and stiffness of the
plant (Mukherjee et al. 2011) and the low oil production cost (Jha et al. 2007).

Due to the increasing demand for biofuel, breeding programs of J. curcas
have been established in distinct countries, for instance Brazil, India, Senegal and
Cape Verde (Divakara et al. 2010). In this context, in vitro tissue culture techniques
have mainly been performed for mass clonal propagation of J. curcas elite lines
(Kalimuthu et al. 2007; Kumar et al. 2011). For this purpose, in vitro regeneration of
J. curcas plantlets has been achieved mainly through organogenesis (Rajore and
Batra 2005; Jha et al. 2007; Kalimuthu et al. 2007; Deore and Johnson 2008; Kumar
and Reddy 2012) and embryogenesis procedures (Jha et al. 2007; Cai et al. 2011).

For some species, new elite plants have been obtained by in vitro
polyploidization, which has received special attention as an important tool for plant
breeding programs (Zhang et al. 2008). Polyploid plantlets, especially tetraploid
ones, have been successfully recovered mainly for vegetable, ornamental and
medicinal crops (Dhooghe et al. 2011). Chromosome doubling efficiency, and
ultimately polyploidy induction, depends on various factors, such as: (a) species; (b)
type of explant; (c) type and concentration of the anti-tubulinic agent, as well as
exposure time; and (d) tissue culture medium for polyploidization and propagation
(Dhooghe et al. 2011).

An efficient in vitro polyploidization system also requires effective methods
for direct screening and monitoring of DNA ploidy level. Flow cytometry (FCM) is the
quickest and most reliable method for this purpose, given that the DNA ploidy level
can be determined for several plantlets in a short time (Clarindo et al. 2008).
According to Ochatt (2008), application of FCM in plant science increased
significantly with the use of innovative and interesting techniques for basic research

and commercial breeding.

40



Considering the relevance of protocols for in vitro polyploidization of J.
curcas, the present study attempted to induce polyploidy from shoot tips of this

relevant biofuel species.

3. Materials and methods

3.1 Plant material

Seeds of J. curcas ‘Gongalo’ were collected at a crop area located in
Resende Costa, Minas Gerais, Brazil. Solanum lycopersicum L. ‘Stupické’ (primary
standard for FCM, 2C = 2.00 pg; Praca-Fontes et al. 2011b) were kindly supplied by

Dr. Jaroslav Dolezel (Experimental Institute of Botany, Czech Repubilic).

3.2 2C-value and karyotype of J. curcas

The genome size of J. curcas was measured from nuclei suspensions
extracted and stained according to procedure described by Carvalho et al. (2008).
The suspensions were analyzed with a Partec PAS® cytometer (Partec® GmbH,
Munster, Germany), equipped with a laser source (488 nm). Flow cytometer
parameters (i.e. gain and channel) were determined before each measurement,
based on external FCM analyses of primary standard (S. lycopersicum ‘Stupické’)
and sample (J. curcas). Six independent repetitions, accounting for more than 10,000
nuclei, were carried out at each analysis.

2C-value of J. curcas was calculated by dividing the mean channel of the
Go/G; fluorescence peak from the primary standard by the mean channel of the
Go/G; peak from each sample. Genome size mean value in picograms (pg) was
converted to base pairs (bp), considering that 1 pg DNA corresponds to 0.978 x 10°
bp (Dolezel et al. 2003).

For karyotype characterization of J. curcas explant donor, metaphasic
chromosomes were obtained from root tips treated according to Carvalho et al.
(2008). The slides were prepared using the cell dissociation method, followed by air-
drying technique (Carvalho et al. 2007). Subsequently, the slides were stained with a
5% Giemsa solution (Merck®) in phosphate buffer (pH 6.8) for 5 min, washed twice in

distilled water (dH,0), air-dried and placed on a hot plate at 50 °C for 3 min.
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Images of metaphase chromosomes were captured with a Media
Cybernetics® Camera Evolution™ charge-coupled device (CCD) video camera,

mounted on a Nikon80i microscope (Nikon, Japan).
3.3 In vitro recovery of J. curcas shoot tips

For shoot tip recovery, J. curcas seeds were disinfected by immersion in 70%
ethanol (Merck®) for 1 min, followed by 2.5% sodium hypochlorite for 20 min and
rinsing three times with autoclaved dH,O. After pericarp removal under laminar flow
hood, the seeds were disinfected again for 20 min with 2.5% sodium hypochlorite
solution containing one drop of Tween (Merck®) per 100 ml. Next, the seeds were

washed with autoclaved dH,O and inoculated into medium M1 (Table 1).

Table 1 — Composition of the tissue culture media — M1: germination medium, M2: proliferation
medium, M3: polyploidization liquid medium.

Compound M1 M2 M3
MS salts (Sigma®) 43gl" 43gl* 21591
MS vitamins* 10 mlI* 10 mlI* 10 mlI*
Adenine sulfate (Fluka®) L 0.025g ™ _
Glutamine (Sigma®) _ 0.1gl? —
BAP (Sigma®) _ 0.002g 1" _
IAA (Vetec®) L 0.0005 g I'" _
Sucrose (Sigma®) 30g ™" 30g ™" 30g ™"
Agar (Sigma®) 7glt 7glt _
pH 57 57 57

*Stock solution composed of glycine (0.20 g I'"), nicotinic acid (0.05 g I'"), pyridoxine (0.05 g I") and
thiamine (0.01 g I'").

3.4 In vitro multiplication and assessment of DNA ploidy level

After 30 days in medium M1, shoot tips of the seedlings germinated in vitro

were excised and inoculated into bottles containing 100 ml of medium M2 (Table 1).
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These cultures were maintained at 25 = 1°C under 16/8 h light/dark regime, with 36
pumol m?s™ light radiation.

As medium M2 (Table 1) was supplemented with indole-3-acetic acid (IAA)
and 6-benzylaminopurine (BAP) (Rajore and Batra 2005; Mukherjee et al. 2011), the
shoot tips were used to verify the occurrence of numeric chromosomal aberration,
eu- and aneuploidy, associated with somaclonal variation.

For this purpose, leaf samples were collected from J. curcas plants seed-
raised in greenhouse (control) and from plantlets propagated in medium M2 for 120
days (samples). Nuclei suspensions of control and samples were prepared as
described by Clarindo et al. (2008) and CyStain UV Ploidy Partec® protocols. These
suspensions were analyzed with a Partec-PAS® flow cytometer, equipped with an UV
lamp emitting at 388 nm and a TK 420 filter. The FlowMax® software (Partec®) was
used for data analyses. More than 10,000 nuclei were analyzed, and three
independent replications were performed for determination of DNA ploidy level in
each J. curcas plantlet.

3.5 In vitro polyploidization

Shoot tip explants were excised from the plantlets obtained in medium M1
and placed in Erlenmeyer flasks containing 10 ml of liquid polyploidization medium
(Praca et al. 2009) M3 (Table 1). This medium was supplemented with different
concentrations (Table 2a) of filter-sterilized colchicine (Sigma®). The flasks were
shaken (40 rpm, at 25 £ 1°C) in a growth room for different time periods (Table 2).
Each flask contained three shoot tip explants, corresponding to three replicates for
each treatment. After the set times, the explants were rinsed five times with
autoclaved dH,O and inoculated into medium M2 (Table 1). Cultures were
maintained at 25 °C under a 16/8 h light/dark regime, with 36 pmol m? s™ light
radiation provided by two fluorescent lamps (20 W, Osram®).

The shoot tips were propagated for four months, being subcultured every 30
days into fresh medium M2. During each subculture, the leaves were excised and the
new shoots isolated. For polyploidy screening, leaves were excised from all J. curcas
plantlets (samples; Table 2a) recovered in medium M2. J. curcas plants seed-raised
in greenhouse were used as diploid standards (control). Nuclei suspensions of

controls and samples were prepared and analyzed by FCM, as described above.
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Polyploidization efficiency was statistically analyzed by the t-test method,
using the Assistat 7.6 beta statistical software (Silva 2012). Based on statistical
comparisons, a second in vitro polyploidization procedure was performed using the

most efficient colchicine concentration (Table 2b).

4. Results

4.1 2C-value and karyotype of J. curcas

The fluorescence peaks of Go/Gi1 nuclei of J. curcas and S. lycopersicum
showed coefficient of variation (CV) lower than 5%.With the fluorescence peaks of
Go/G1 nuclei from the standard S. lycopersicum (2C = 2.00 pg; Praca-Fontes et al.
2011b) being turned to channel 300 (Fig la), the mean 2C value for all J.
curcas‘Gongalo’ plants was equivalent to 0.85 pg + 0.01 (0.83 x 10° bp).

J. curcas root tips treated with 4 uM amiprophos-methyl (APM, microtubule
inhibitor) and macerated in 1:10 pectinase solution for 2.5 h provided metaphases
adequate for morphometric analysis. The metaphases presented well-spread
chromosomes with well-defined constrictions, without cytoplasmic background and
chromatin damage (Fig. 1b). Morphometric analysis showed that J. curcas ‘Gonc¢alo’

has 2n = 22 chromosomes, with total length ranging from 1.60 to 1.14 pum.
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Figure 1.Caracterization of J. curcas ‘Gongalo’ explants donor: a) Mean nuclear DNA content of J.
curcas plants estimated at 0,85 pg. Representative histogram showing peaks relating to Go/G; nuclei,
with a coefficient of variation of less than 5 %, obtained by staining of nuclear suspension with
propidium iodide. The peak positioned at the channel 300 refers to the internal standard Go/G; nuclei
S. lycopersicum(2C = 2.00 pg) and on 127 Gy/G; nuclei of J. curcas. b)Chromosomes from J. curcas
root-tips treated with 4.0 pM amiprophos-methyl during 14 h at 4C. Metaphase chromosomes,

stained with Giemsa 5%, displaying well-defined centromeric constrictions. Bar = 5pum
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4.2 In vitro recovery of J. curcas shoot tips

Owing to the disinfestation procedure and handling of seeds under aseptic
conditions, no contamination was detected during the in vitro process. After eight
days in medium M1 (Table 1), J. curcas seeds germinated with a rate of 86.66% and
speed of germination (SG) of 4.86. Consequently, plantlets were regenerated after
30 days, providing enough shoot tips for propagation and multiplication in medium

M2 and in vitro polyploidization in medium M3.

4.3 In vitro multiplication and assessment of DNA ploidy level

Shoot tips were transferred to medium M2 and cultivated for 120 days, with
monthly subcultures. After four subcultures in M2, the shoot tips showed a mean
multiplication rate of 4.5 shoots per explant.

Leaves from the plantlets were collected for analysis of DNA ploidy level
stability by FCM. In vitro (samples) and greenhouse (control; 2C = 0.85 pg; 2x = 22
chromosomes) plantlets exhibited Go/G; peaks in the same channel (Fig. 1a). This
way, it could be verified that numeric chromosomal aberration (eu- and/or
aneuploidy) has not occurred during propagation and multiplication of J. curcas

plantlets in medium M2.

4.4 In vitro polyploidization

In vitro polyploidization was conducted in two approaches. The first was
performed to select the most adequate colchicine concentration. For this purpose,
some criteria were adopted: (a) survival rate of the explants, and (b) number of
tetraploid and (c) mixoploid plantlets.

The survival rate of explants not treated with the anti-mitotic agent colchicine,
or treated with 0.5 mM for 24 h, was 100%. With increasing concentration, the
survival rate statistically decreased, reaching 0% when the explants were treated
with a colchicine concentration of 1.5 mM for 72h (Table 2a).
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Table 2 - Survival rate, and number of mixoploid and tetraploid J. curcas plantlets obtained after polyploidization treatments.

Table 2a — First polyploidization approach.

Colchicine Treatment N° of Survival rate (%) N° of Ne°diploids (%)***  N°tetraploids (%)*** N°mixoplo ids (%)***
concentration duration (h) individuals regenerated
(mM) treated plantlets*

0 24 9 100% 27° 27 (100) 0° (0) 0° (0)
48 9 100* 25*° 25 (100) 0° (0) 0° (0)
72 9 100* 25%° 25 (100) 0° (0) 0° (0)
96 9 100* 26*° 26 (100) 0° (0) 0° (0)
0.5 24 9 100* 24*° 24 (100) 0° (0) 0° (0)
48 9 66.66" 22°¢ 22 (100) 0° (0) 0° (0)
72 9 22.22¢ 10° 9 (90) 0° (0) 1° (10)

96 9 66.66" 21° 12 (57.15) 3% (14.28) 6% (28.57)
1.5 24 9 66.66" 12%¢ 12 (100) 0° (0) 0° (0)
48 9 66.66" 12%¢ 10 (83.34) 2° (16;66) 0° (0)
72 9 33.33° 15° 15 (100) 0° (0) 0° (0)
96 9 0.0° 0 0 (0) 0° (0) 0° (0)
25 24 — 96** 9 0.0° o' 0 (0) 0° (0) 0° (0)
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Table 2b — Second polyploidization approach.

Colchicine Treatment N° of Survival rate (%) N° of Ne°diploids (%)***  N°tetraploids (%)*** N°mixoplo ids (%)***
concentration duration (h) individuals regenerated
(mM) treated plantlets*
0 96 20 100% 20° 20 (100) 0° (0) 0° (0)
120 20 100* 20° 20 (100) 0° (0) 0° (0)
144 20 100* 20° 20 (100) 0° (0) 0° (0)
168 20 100* 20° 20 (100) 0° (0) 0° (0)
0.5 96 20 65° 13° 0 7 (53.85) 6° (46.15)
120 20 35° 7° 3 (42.85) 3" (42.85) 1° (14.3)
144 20 35° 7° 5 (71.42) 0° (0) 2" (28.58)
168 20 20° 4° 4 (100) 0° (0) 0° (0)

In the columns for each polyploidization approach, means followed by the same letter are not significantly different at the p < 0.05 by t-test
*Plantlets regenerated after four subsequent subcultures totalizing 120 days.
** As all explants treated with 2.5 mM colchicine concentration died, the data were summarized.

*** Number (%) of diploid, tetraploid, and mixoploid plantlets.
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Shoot tips treated with colchicine showed a lower growth and multiplication
rate, yielding few regenerated plantlets in comparison to explants not treated with
colchicine. In consideration of the vegetative development, DNA ploidy level of the
plantlets was assessed by FCM only after 4 subcultures in medium M2, totaling 120
days.

J. curcas plantlets cultured in medium M3 without colchicine, as well as
greenhouse plants (control; 2C = 0.85 pg; 2x = 22 chromosomes), exhibited
Go/Gipeaks in the same channel (Fig. 2a). Therefore, these plantlets (Fig. 1b)
showed the same DNA ploidy level. Similarly, some explants treated with colchicine
generated seedlings that provided FCM histograms with the same profile in
comparison to the control (Table 2a, Fig. 2a). Based on this, these plantlets were

also considered diploid.
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Figure 2. J. curcas plantlets obtained by in vitro polyploidization, and cultivated in M2 medium (Table
1), and respective FCM histograms. (a) Histogram showing G¢/G; peak (channel 200) of the diploid
samples (2C = 2X). b) Diploid plantlet representing the regenerants that showed the same DNA ploidy
level of the control plants (2C = 2X). (c) Histogram showing G,/Gq peak (channel 200 and 400) of the
mixoploid samples (2C = 2X and 2C = 4X, respectively). (d) Mixoploid plantlet representing the
regenerants that showed DNA ploidy level 2C = 2X and 2C = 4X. (e) Histogram showing G,/G, peak
(channel 400) of the tetraploid samples (2C = 4X). (f) Tetraploid plantlet representing the regenerants
that showed DNA ploidy level 2C = 4X. Bar = 1 cm.

50



Mixoploid plantlets of J. curcas (Fig. 2c, d) were obtained in colchicine
concentration of 0.5 mM for 72h (10.00%) and 0.5 mM for 96h (28.57%). These
plantlets exhibited Go/G; peaks equivalent to nuclei 2C = 2X and 2C = 4X (Fig. 2c).

FCM analysis also evidenced tetraploid plantlets of J. curcas (Fig. le, f). In
comparison to control and plantlets cultured in medium M3 without colchicine, these
plantlets exhibited Go/Gipeaks equivalent to nuclei 2C = 4X (Fig. 2f). Tetraploids
were observed in the treatment with 0.5 mM colchicine for 96 h (14.28%), and 1.5
mM with exposure time of 48 h (16.66%) (Table 2a).

In regard of the three criteria (number of tetraploid and mixoploid plantlets,
and survival rate), the treatment with 0.5 mM colchicine for 96 h was considered the
most adequate for polyploidy induction in J. curcas shoot tips. Considering this result,
a second polyploidization approach was set (Table 2b), increasing the treatment time
(96, 120, 144, 168 h) and maintaining the colchicine concentration (0.5 mM).

As in the first polyploidization procedure, approximately 65% of the explants
survived in the 0.5 mM/96 h treatment. Survival rate statistically decreased with the
increase in exposure time (Table 2b). The second polyploidization experiment
confirmed that the 0.5 mM/96 h treatment is efficient for the production of tetraploids
(Table 2b). Analysis of DNA ploidy level by FCM evidenced that this treatment
provided 53.85% of tetraploids. This treatment also generated 46.15% of mixoploid
regenerants. Tetraploids were also obtained in the exposure time of 120 h, though
with smaller percentage (42.85%) (Table 2b). The mixoploid and tetraploid plantlets

have been in vitro multiplied, and some ex vitro acclimatized.

5. Discussion

5.1 2C-value and karyotype of J. curcas

Considering that some authors have reported the occurrence of J. curcas
tetraploid plants (Soontornchainaksaeng and Jenjittikul 2003; Mukherjee et al. 2011),
the first concern was to measure the 2C-value and characterize the karyotype of J.
curcas ‘Gongalo’ explant donors.

As reported by Carvalho et al. (2008), the FCM procedure provided
fluorescence peaks of Go/Ginuclei showing CVs below 5%. This value has been

considered adequate for FCM assessments in plants (Dolezel and BartoS 2005;
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Praca-Fontes et al. 2011a). In accordance with Praga-Fontes et al. (2011a), an
appropriate preparation of nuclei suspensions is imperative to provide
stoichiometrically stained nuclei and, consequently, low CV values, as obtained in the
present work.

S. lycopersicum ‘Stupické’ was chosen as primary standard for 2C-value
measurement. This standard has been regarded as suitable for analyses involving
plants rich in phenolic compounds (Clarindo et al. 2012), such as J. curcas. Using
FCM, Praca-Fontes et al. (2011a) revisited the DNA C-value of seven species often
used as primary standard. In a cascade-like manner, from Arabidopsis thaliana to
Allium cepa, these authors demonstrated that S. lycopersicum is an ideal primary
reference standard.

The mean nuclear DNA content value of 2C = 0.85 pg found here for J.
curcas was identical to the value reported by Carvalho et al. (2008). This result
confirms that the nuclear genome size of J. curcas, as well as that of Euphorbia
peplus L. (2C = 0.7 pg),is relatively small compared to other Euphorbiaceae species
(Bennett and Leitch 2011). Corroborating with the FCM data, karyotype analysis
showed that J. curcas ‘Goncgalo’ had 2n = 2x = 22 chromosomes, which is considered
relatively small (Carvalho et al. 2008).

The previous FCM and cytogenetic approaches showed that J. curcas
‘Gongalo’ has a stable genome (2x = 22 chromosomes, 2C = 0.85 pg). Since no pre-
existing ploidy variation was evidenced, this line was considered adequate for in vitro

polyploidy induction.

5.2 In vitro recovery of J. curcas shoot tips

The disinfestation process was efficient to provide aseptic cultures of J.
curcas. Seeds of this species have a high incidence of fungi (e.g. Alternaria sp.,
Macrophomina sp., Cladosporium sp., Fusarium spp.), even after a surface
disinfection process (Vanzolini et al. 2010). Considering this, the removal of the
pericarp, followed by disinfection in laminar flow, was crucial to ensure totally aseptic
seeds.

As attested by the high germination rate (86.66%), medium M1 yielded
sufficient amount of seedlings for subsequent excision of shoot tips. Distinct authors
(Kalimuthu et al. 2007; Deore and Johnson 2008; Kaewpoo and Te-chato 2010) have
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also considered M1 an efficient medium for germination of zygotic embryos and
seeds of J. curcas.

Besides the high germination rate, J. curcas seeds showed a SG of 4.86
after eight days in medium M1. This data reflects the efficiency of medium M1 to
promote healthy seedlings. Gairola et al. (2011) reported a germination rate of
62.50% and a SG of 4.85 in J. curcas seeds sown in vermiculite substrate. Thus, the

in vitro conditions were adequate for seed germination of this species.

5.3 In vitro multiplication and assessment of DNA ploidy level

In accordance with Rajore and Batra (2005), medium M2 was ideal for clonal
propagation and multiplication of J. curcas shoot tips. After four subcultures (120
days) in M2, the mean multiplication rate was 4.5 shoots per explant. This result
indicates that the BAP/IAA combination in medium M2 increased shoot frequency,
being crucial for the success of in vitro propagation and multiplication of J. curcas.

The type and concentration of growth regulators, as well as subculture
frequency, can promote the occurrence of numeric chromosomal aberrations (eu-
and/or aneuploidy) associated to somaclonal variation. Auxins and cytokinins, such
as BAP and IAA, are the main growth regulators that act to control cell division and
tissue differentiation (Fehér et al. 2003). These regulators interfere in cell cycle
control and may lead to genetic variability (Bairu et al. 2011).

As the medium M2 was supplemented with auxin and cytokinin regulators,
leaves from plantlets propagated in this medium were used to assess DNA ploidy
level. The nuclei suspension of these plantlets provided Go/G; peaks in the same
channel as the control plants (Fig. 1a). In this sense, medium M2 (Rajore and Batra
2005) did not promote any numeric chromosomal aberration (eu- and/or aneuploidy)
during propagation and multiplication of J. curcas plantlets. Therefore, the in vitro
tissue culture conditions conserved the nuclear genome stability and homogeneity of
propagated and multiplied J. curcas plantlets. As related by Fiuk et al. (2010), ploidy
maintenance during in vitro condition is a relevant prerequisite for clonal propagation.

Kour et al. (2009) and Larkin and Scowcroft (1981) mentioned that variability
can manifest at cytological level. For this reason, FCM is commonly used for
detection of DNA ploidy level variation (Endemann et al. 2001; Loureiro et al. 2005;
Loureiro et al. 2007; Clarindo et al. 2008; Jin et al. 2008; Brito et al. 2010). Besides,
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FCM analysis is the most practical, reliable and efficient method for this purpose
(Dolezel 1997, Clarindo et al. 2008; Praca et al. 2009). Therefore, DNA ploidy level
screening of J. curcas plantlet samples could be done rapidly, in a working day,

without requirement of dividing cells.

5.4 In vitro polyploidization

The polyploidization experiments were conducted to find colchicine
concentrations with limited toxic effect. The effect of colchicine on the survival rate
depended upon concentrations of this compound and duration of treatment (Samala
and Te-chato 2012).

Previous experiments performed in our laboratory showed that colchicine
concentrations of 3.5 mM, 5.0 mM and 6.5 mM at treatment periods of 24 — 72 h
were highly toxic to shoot tips (data not shown). These explants died in the first week
in medium M2. Thereafter, other concentrations and exposure times were tested
(Table 2a) so as to obtain surviving explants, as well as tetraploid and mixoploid
plantlets.

Considering the three adopted criteria, treatment with 0.5 mM colchicine for
96 h was considered the most adequate for polyploidization (Table 2a). Based on this
result, a new polyploidization approach was performed, in which the colchicine
concentration was maintained (Table 2b).

The survival rate of J. curcas explants decreased with increasing colchicine
concentration and exposure time (Tables 2a, b). This result was also found in other
polyploidization approaches from woody plants (Chakraborti et al. 1998; Gu et al.
2005; Stanys et al. 2006; Xi-Ling et al. 2011; Samala and Te-chato 2012).

Tetraploid plantlets were obtained from different treatments, with 0.5 mM
colchicine for 96 h being statistically the most efficient (Tables 2a, b). From this
treatment, 53.85% of J. curcas tetraploid plantlets were recovered (Fig. 1f, Table 2b).
Tetraploid plantlets of the woody species Phlox subulata L. were regenerated by
Zhang et al. (2008) also using 0.5 mM colchicine.

Most of the mixoploid plantlets were also obtained in the treatment with 0.5
mM colchicine for 96 h (Tables 2). Though in vitro polyploidization generally yields
mixoploid plantlets (Chen and Gao 2007), the mixoploid state has been considered

reversible, since some plants return to the diploid condition or become tetraploid
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plants (Awoloye et al. 1994; Vaindla 2000). Due to the simultaneous occurrence of
cells with varying ploidy, embryogenesis systems can be established to enable
recovery of plantlets showing a single and stable ploidy level (Chen and Gao 2007).
In this study, a tissue culture procedure was adapted for induction,
propagation and recovery of tetraploid plantlets of J. curcas. Moreover, nuclear DNA
ploidy screening by FCM was a practical and rapid strategy for selection of diploid,
mixoploid and tetraploid plantlets. The method presented here is also reliable for

routine in vitro production of polyploids of other J. curcas elite lines.
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1. Abstract

Jatropha curcas L., family Euphorbiaceae, has been pointed out as a promising
alternative for biofuel production, owing to the high oil content of the seed, rapid
growth and low oil production cost. The expansion of J. curcas crops has induced an
increasing demand for homogenous elite lines. In this regard, strategies based on
tissue culture techniques have been established for clonal and mass propagation and
regeneration of elite lines. In these procedures, a callus induction step is required. In
this context, the aim of this work was to establish calli cultures from leaf explants of J.
curcas ‘Gongalo’. For this purpose, leaf explants were inoculated in two different
media, supplemented with either 2,4-dichlorophenoxyacetic acid/kinetin (2,4-D/Kn) or
indolebutyric acid/kinetin (IBA/Kn). The results showed that medium containing 2,4-
D/Kn yielded 100% of explants with friable, pale yellow calli. Therefore, the auxin 2,4-
D was considered more efficient for callus induction than IBA (68.4%). Since
callogenesis represents the basis for somatic embryogenesis, the present study
established a fast growing callus protocol using two different auxins. In this context,
exogenous auxins, mainly 2,4-D, were effective for callus induction, prompting the

proliferation of J. curcas cells.

Keywords: callogenesis, auxin, cytokinin, somatic embryogenesis.
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2. Introduction

Jatropha curcas, family Euphorbiaceae, is widely distributed in its center of
origin as well as cultivated areas in Central and South America, Africa, India and
Southeast Asia (Kumar and Sharma 2008; Pandey et al. 2012). This species has
been pointed out as a promising alternative for biofuel production, due to the high oil
content of the seed (Deore and Johnson 2008), rapid growth in arid and rainfall
zones, pathogen resistance and low oil production cost (Jain and Sharma 2010;
Mukherjee et al. 2011).

Owing to the expansion of commercial J. curcas crops, the demand for
homogenous elite lines with high agronomic revenue is increasing (Kumar and
Reddy 2012). However, the main limitation for large-scale cultivation of J. curcas as
an energy crop lies on the seminal and cutting propagation methods adopted for this
species (Singh et al. 2010; Mukherjee et al. 2011). These methods have been
restricted to crop cultivation of J. curcas, due to inconstant seed yield and lower
drought and disease resistance (Kumar and Reddy 2012). For different crops, these
problems have been resolved by tissue culture techniqgues, which have been
effective for clonal and mass propagation of elite lines. Among such techniques,
somatic embryogenesis has been used to regenerate whole plants, in large number,
being thus characterized as an important tool for breeding programs (Jha et al.
2007). This system relies on friable callus induction, an intermediate stage of indirect
embryogenesis. This process arises from cell dedifferentiation to set a new
developmental program, inducing cell division and proliferation (Fehér et al. 2003).

Different plant growth regulators (PGR), alone or in combination, play an
important role in the process of callus induction and proliferation (Varshney and
Johnson 2010). For instance, the auxin 2,4-dichlorophenoxyacetic acid (2,4-D) has
been regarded as ideal for callus induction (Fehér et al. 2003; Goralski et al. 2005;
Thomas and Chaturvedi 2008; Pinto et al. 2010). This regulator acts on callus mass
formation for embryogenic establishment and dedifferentiation into somatic embryos
(Pinto et al. 2010).

The present work was conducted to establish a calli culture from leaves of J.

curcas.
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3. Materials and methods

3.1 Plant material

Leaves were excised from 4-month-old J. curcas ‘Gongalo’ plants grown in
greenhouse at the Universidade Federal do Espirito Santo (ES, Brazil). Leaves were
pulverized with a solution containing 2.0 g I'* Agrimycin® PM (Pfizer), 0.5 ml | * Ethion
500 (Bayer CropScience®), 10.0 ml I* Assist® (Basf) and 1.0 g I'* Curathane (Dow
AgroSciences). After 24 h, leaves near the shoot apical meristem were collected for
culture establishment. These leaves were washed with liquid detergent and rinsed
with running water for 2 h.

Under a laminar flow hood, the leaves were disinfected by immersion in 70%
ethanol (Merck®), for 20 s, and 1.5% sodium hypochlorite (Merck®) solution
(containing 10 drops I'* of Tween 20, Sigma®), for 20 min, then rinsed four times with
sterile dH,O (Clarindo et al. 2008).

3.2 Calli induction

The leaves were cut into 1 cm? and cultured with the adaxial surface in
contact with M1 medium (Table 1), for friable callus induction. The leaf segments
were placed into Petri dishes (Prolab®) containing 15 ml medium. All cultures were
incubated and maintained in the dark at a temperature of 25 + 1°C. After four weeks
of culture, half of the explants were transferred to medium M2, and the other half was
placed in medium M3 (Table 1). After 8 weeks of culture at 25 = 1°C in the dark, the

number of responsive explants, showing calli, was determined.
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Table 1 — Composition of tissue culture media: M1 — callus induction medium; M2
and M3 — callus proliferation medium.

Compound M1 M2 M3
MS salts (Sigma®) 43gl? 43gl? 43gl?
MS vitamins* 10 ml I 10 ml It 10 ml I
Kinetin (Kn, Vetec®) 9.3 uM 2.3 uM 2.3 uM
2,4-D (Sigma®) L L 1 pM
Indolebutyric acid (IBA, Vetec®) L 1 pM L
Sucrose (Sigma®) 30glt 30glt 30glt
Phytagel (Sigma®) 28¢gl? 28¢gl? 28¢gl?
pH 5.7 57 5.7

*Stock solution composed of 0.20 g I'" glycine (Vetec®), 0.05 g I nicotinic acid (Vetec®), 0.05¢g I
pyridoxine (Vetec®) and 0.01g I thiamine (Vetec®).

3.3 Statistical analysis

The experiments were set up using a randomized design. The data were
expressed as mean = standard error (SE) and compared using t test, 5% probability
level. Callogenesis efficiency was statistically analyzed using the statistical software
Assistat 7.6 beta (Silva 2012). For each treatment (media M2 and M3) were used 14

Petri dishes, each containing five explants.

4. Results

Initial callus evidence was observed in the first month of culture in media M2
and M3, being M3 more effective in calli induction and proliferation (Fig. 1a, b).

No contamination was detected during callogenesis induction. Thus, the
young leaves showed no endogenous contamination. Calli were found in the nervure
and margin regions of the explants. After 60 day of culture, explants in medium M3

had greater number of calli than those cultured in medium M2 (Fig. 1c, d, Table 2).
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Figure 1. J. curcas leaf explants inoculated in: a) medium M2 supplemented with IBA/Kn, after 4
weeks of culture; b) medium M3 supplemented with 2,4-D/Kn, after 4 weeks of culture; ¢) medium M2,
after 8 weeks of culture, displaying pale yellow calli; and d) medium M3, after 8 weeks of culture,
exhibiting pale yellow, friable calli. Calli were observed in the nervure and margin regions of the

explants. Bar = 0.5 cm.

Table 2 — Percentage of leaf explants showing callus in media M2 and M3.

Number of responsive Callus characteristics

Medium
explants (%)
M2 68.4° Friable, pale yellow
M3 100.0% Friable, pale yellow

Means followed by the same letter are not significantly different at p < 0.05 by t-test.
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5. Discussion and conclusion

In this study, leaf explants were used for callus induction in J. curcas. For the
same purpose, other explants have also been reported in this species, such as:
epicotyls (Qin et al 2004; Kaewpoo and Te-chato 2010), hypocotyl (Sujatha and
Mukta 1996; Soomro and Memon 2007; Kaewpoo and Te-chato 2010), immature
zygotic embryos (Varshney and Johnson 2010; Cai et al. 2011) and endosperm (Cai
et al. 2011). However, the use of leaf segments is considered more adequate when
callus induction is required for clonal propagation of elite lines (Sujatha and Mukta
1996; Martin 2004; Soomro and Memon 2007; Jha et al. 2007; Clarindo et al. 2012).

As suggested by Jha et al. (2007), the medium M1 was adopted for initial
callus induction from leaf explants. This medium was supplemented with Kn, a
synthetic cytokinin (Ck). Other approaches performed for callogenesis induction in
distinct wood species also reported culture of the leaf explants during one month in
medium supplemented with only one Ck (van Boxtel and Berthouly 1996; Clarindo et
al. 2012). In accordance with Jiménez (2005), Cks are important for callus formation,
and Kn has been considered the second most frequently employed Ck for this
purpose.

Friable and pale yellow calli were obtained in the media M2 and M3 (Fig. 1a
— d), which were supplemented with IBA/Kn and 2,4-D/Kn, respectively. The calli
were observed in the nervure and margin regions of the explants (Fig. 1la — d),
suggesting that the callogenic competence is confined to these areas. Therefore, the
tissue culture procedure combining the use of Cks and auxins (Varshney and
Johnson 2010) was considered important for the callogenesis process in leaf
explants of J. curcas.

According to Fehér et al. (2003) and Jiménez (2005), auxins and CKs are
key factors for callogenic response, probably because these PGRs strongly
participate in the reactivation, regulation and maintenance of cell division. As
demonstrated here, cell proliferation enables the establishment of friable calli.

Medium M3 vyielded 100% of responsive explants (Table 2), evidencing the
effective action of 2,4-D in relation to IBA (68.4%). Evaluating the effect of different
auxin types on leaf explants of Valeriana jatamansi, Das et al. (2012) found that 2,4-

D provided a higher percentage of calli in comparison to IBA. As also observed by
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Martin (2004) in leaves of Centella asiatica, friable calli of J. curcas showed relatively
rapid growth (one month, Fig. 1b) in the medium supplemented with 2,4-D/Kn (M3).
2,4-D has been regarded as the most efficient synthetic auxin, being thus preferred
to improve callus induction (Fehér et al. 2003; Jiménez 2005; Thomas and
Chaturverdi 2008; Pinto et al. 2010; Clarindo et al. 2012). Ball et al. (1993) and
Goralski et al. (2005) distinguished this auxin as an inductor of cell proliferation and
callus formation, being more efficient in comparison to others auxins, especially
natural ones. Fehér et al. (2003) highlighted that exogenous 2,4-D induces
substantial accumulation of endogenous auxin, such as indole-3-acetic acid (IAA),
promoting a high cell proliferation rate.

Though callogenic response was superior in medium M3, medium M2,
supplemented with IBA/Kn, also supplied friable, pale yellow calli (Table 2). Varshney
and Johnson (2010) evidenced that the combination IBA/Kn was appropriate for calli
induction from immature zygotic embryo of J. curcas. However, these authors
reported the occurrence of 28.6% responsive explants, differing in relation to the
present study, in which 68.4% (Table 2) of the leaf explants exhibited calli.

Considering that callogenesis represents the basis for somatic
embryogenesis, the present study established a fast growing callus protocol. In this
context, the exogenous auxins, mainly 2,4-D, were effective for callus induction,

promoting the proliferation of J. curcas cells.
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5. CONSIDERACOES FINAIS

Pela primeira vez, é reportado um protocolo de indugéo de tetraploides para
J. curcas, com base em trés fatores: sobrevivéncia, numeros de tetraploides e
mixoploides.

Chegou-se a conclusdo de que a concentracdo necessaria de colchicina
para inducéo de plantulas tetraploides € de 0,5 mM a um pulso de 96 horas.

Andlises de citometria de fluxo e citogenética permitiram a caracterizacdo do
acesso ‘Goncalo’ doador de explante (2n=2x=22 cromossomos e 2C = 0,85 pg).

O sistema de cultura de tecidos abordado no presente estudo permitiu a
obtencdo de quantidades suficientes de apices caulinares para a poliploidizacdo in
vitro e verificacdo do nivel de ploidia de DNA das plantulas regeneradas em meio
isento de colchicina.

Os resultados de citometria de fluxo mostraram que o0 meio para proliferacéo
dos apices ndo ocasionou alteracdes no nivel de ploidia do DNA das plantulas
regeneradas quando comparados a planta controle (planta doadora de explante
‘Gongalo’). Dessa forma, o meio de cultura escolhido para a realizacdo deste
experimento é ideal, em virtude da manutencdo da fidelidade genética, podendo
inferir que as alteragcdes de ploidia decorrem somente dos tratamentos com
colchicina.

O protocolo de calogénese propiciou a multiplicacdo clonal e massal dos
fragmentos foliares do campo, sendo a combinacdo 2,4-D/KN a mais responsiva.
Uma vez concluido, o mesmo pode ser utilizado aos fragmentos foliares das
plantulas provenientes dos tratamentos de poliploidizacdo. Essa técnica apresenta
inUmeras vantagens, incluindo o armazenamento dos materiais obtidos em um
espaco reduzido, a contribuicdo para bancos de germoplasma para espécies de J.
curcas, e consequentemente, a manutencdo dos recursos genéticos disponibilizados

no presente estudo.
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