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RESUMO

PICOLI, Edgard Augusto de Toledo, D. S, Universidade Federal de Vigosa,
marco de 2005. Morfogénese in vitro e otimizacdo do numero de
mar cadores RAPD para estimacgdo da diversidade genética em eucalipto.
Orientador: Acelino Couto Alfenas. Conselheiros. Cosme Damido Cruz e
Wagner Campos Otoni.

Foram conduzidos experimentos de cultura de tecidos utilizando um
gendtipo hibrido de Eucalyptus grandis vs. E. smithii e sementes de um
cruzamento controlado de E. grandis. Foram isoladas uma levedura e uma
bactéria que tém dificultado a cultura in vitro e transformagdo genética do
gendtipo hibrido, sendo a bactéria identificada como Herbaspirillum huttiense
(Leifson) Ding e Y okota. Dentre 34 antibidticos testados in vitro para o controle
do crescimento de H. huttiense, 12 induziram halos de inibicdo. Sulfadiazina,
estreptomicina, canamicina e penicilina foram selecionados para determinacéo da
concentracdo inibitéria minima. Sulfadiazina, estreptomicina e canamicina
induziram halos de inibicéo entre as concentracdes de 256 e 512 mg L™, contudo,
apresentaram apenas atividade bacteriostética. Penicilina ndo apresentou efeito
bactericida ou bacteriostatico em concentracdes até 1024 mg L. Cefotaxima,
carbenicilina e timentin foram avaliados quanto ao seu efeito sobre a
morfogénese in vitro de explantes de Eucalyptus grandis. Foi observado que
carbenicilina e timentin, em concentracbes até 600 mg L™, favoreceram a
freqliéncia de explantes regenerando calos (50-70%) e a reducdo da necrose.

Cefotaxima beneficiou a calogénese até 300 mg L™, concentracgo a partir da qual



promoveu aumento dos calos necrosados (>60%). Explantes cotiledonares e de
hipocétilos de E. grandis foram submetidos a altas concentragdes de diferentes
reguladores de crescimento (ABSA, AlA, AIB, ANA, 2,4-D, TDZ, ZEA, BAP e
KIN) e a combinagdes de 10, 50 e 100 mg L™ de 2,4-D e periodos de exposicéo
de 6, 12, 24 e 48 horas. Plantulas intactas apresentaram resultados superiores (~7
raizes/explante) quanto a rizogénese adventicia comparadas a hipocotilos e
cotilédones isolados (<1,5 raizes/explante). ABSA, AIA, AIB, ANA e 2,4-D
aumentaram (>10 raizes/explante), enquanto TDZ, ZEA, BAP e KIN inibiram
(<1 raizes/explante) de maneira significativa a indugéo de raizes adventicias. O
alongamento de epicétilos também foi inibido por TDZ, KIN, 2,4-D, BAP e
ABSA, enquanto o mesmo ndo ocorreu com AlA, AIB, ANA e ZEA. Foi
observada uma maior eficiéncia de ABSA na inducéo do enraizamento, mesmo
quando comparada a AIB. Houve um decréscimo no alongamento de epicotilos e
no nimero médio de raizes por explante, e um aumento da necrose de explantes,
com o aumento da exposicdo e da concentragdo de 2,4-D. Nos estudos com
marcadores moleculares, foi determinado o perfil de 84 gendtipos com base em
marcadores RAPD. Foi gerado um total de 501 bandas, dos quais 450 (89,82%)
foram polimorficas e 51 (10,18%) monomorficas. A andlise de bootstrap com
duzentas repeticdes para cada nimero de marcadores mostrou que um nimero de
marcadores maior que 393 resultou em valores de estresse menores que 5%,
menores que 5 para soma de quadrados e maiores que 0,95 para correlacéo.
Comparando os indices de diversidade genética entre e dentro das sub-
populacbes de E. grandis e E. urophylla, a maior parte da variabilidade foi
encontrada dentro das sub-populagfes. Exceto para o indice de Shannon, os
outros indices de variabilidade aumentaram quando o0s marcadores
monomorficos foram retirados das andlises. A andlise de agrupamento baseada

em marcadores RAPD demonstrou associagéo com a classificagdo taxondmica.
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ABSTRACT

PICOLI, Edgard Augusto de Toledo, D. S, Universidade Federal de Vigosa,
March 2005. In vitro morphogenesis and optimization of the number of
RAPD markers for the estimation of the eucalypt genetic diversity.
Adviser: Acelino Couto Alfenas. Committee members: Cosme Damido Cruz
and Wagner Campos Otoni.

Tissue culture experiments were conducted with a Eucalyptus grandis vs.
E. smithii hybrid genotype and E. grandis controlled cross seeds. One yeast and
one bacterium, which have difficulted in vitro tissue culture and genetic
transformation of the hybrid genotype, were isolated and the latter identified as
Herbaspirillum huttiense (Leifson) Ding e Y okota. Among 34 antibiotics tested,
only 12 inhibited bacterial growth. Sulfadiazine, streptomycin, kanamycin and
penicillin were selected for determining the minimal inhibitory concentration.
Sulfadiazine, streptomycin, and kanamycin presented inhibition halo at 256 and
512 mg L™, yet al three were bacteriostatic. Penicillin did not display
bactericidal effect at the concentrations up to 1024 mg L™. Cefotaxime,
carbenicillin and timentin effects on the in vitro morphogenesis of Eucalyptus
grandis seedling explants were evaluated. It was observed that carbenicillin and
timentin, up to 600 mg L™, favored the frequency of explants regenerating callus
(50-70%) and decreased necrosis. Cefotaxime supported callogenesis up to 300
mg L™ from which displayed an increasing frequency of necrosed explants and
callus (>60%). E. grandis hypocotyl and cotyledon explants were submitted to
high concentrations of different growth regulators (BSAA, IAA, IBA, NAA, 2,4-
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D, TDZ, ZEA, BAP and KIN), and to combinations of 10, 50 and 100 mg L
2,4-D and 6, 12, 24 and 48 hours pre-treatment periods. Intact plantlets displayed
superior adventitious rhizogenesis (~7 roots/explant) compared to isolated
hypocotyl and cotyledon explants (<1.5 roots/explant). BSAA, 1AA, IBA, NAA
and 2,4-D enhanced (>10 rootsexplant) whereas TDZ, ZEA, BAP and KIN
significantly inhibited (<1 roots/explant) adventitious rhizogenesis. Epicotyl
elongation was also significantly inhibited by TDZ, KIN, 2,4-D, BAP and
BSAA, whileIAA, IBA, NAA and ZEA did not. BSAA displayed a significantly
higher effect on adventitious root induction, even compared to IBA. Epicotyl
elongation and average number of roots per explant declined, whereas explant
necrosis augmented, with higher 2,4-D exposures and concentrations. In the
molecular marker studies, the profiles of 84 Eucalyptus genotypes based on
RAPD markers were determined. A total of 501 bands was generated, from
which 450 (89.82%) were polymorphic and 51 (10.18%) monomorphic. Two
hundred bootstrap analysis revealed that a number higher than 393 markers
provided values below 5% for stress, lower than 5 for sum of squares and higher
than 0.95 for correlation statistics. Comparing the genetic diversity indexes
between and within the E. grandis and E. urophylla sub-populations, most of the
variability was found in the sub-populations. Except for the Shannon index, other
variability indexes increased as monomorphic markers were withdrawn from the
analysis. Nevertheless, clustering analysis based on RAPD markers demonstrated

associ ation with taxonomic classification.
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INTRODUCAO

No Brasil e no mundo, tem-se observado aumento na demanda por
produtos florestais. Em 2000, a producdo mundial atingiu 40,5 milhdes de
toneladas e 187,5 milhdes de toneladas métricas para carvao vegetal e madeira
para papel e celulose, respectivamente (FAO, 2003). O género Eucalyptus
contém algumas das espécies mais importantes para as industrias de papel e
celulose, carvé@o vegeta e madeira solida. Atualmente, o eucalipto € a arvore
mais plantada no mundo, com mais de 17,8 milhdes de hectares, sendo o Brasil o
segundo maior pais em area plantada, com cerca de trés milhdes de hectares
(FAO, 2003). Em 1996, haviam 4,8 bilhdes arvores de eucalipto no Brasil
(IBGE, 2002). Em 2000, a area plantada com eucalipto ultrapassou 2,9 milhdes
de hectares, 0 que representou um faturamento de 8,3 trilhdes de reais,
considerando apenas a producédo de celulose e papel (SBS, 2003).

Entre as espécies do género Eucalyptus observa-se variagdo quanto a
adaptacdo as diferentes condicdes climéticas, ao crescimento, a qualidade da
madeira e a resisténcia a doengas. Fato este que permite aos melhoristas
selecionar gendtipos gque atendam as crescentes demandas de produtividade do
mercado.

O melhoramento genético de espécies florestais € ainda incipiente em
relacéo aos programas de culturas anuais, como a soja e o milho. Isto se deve ao
recente comego do melhoramento de lenhosas, ao longo periodo de geracéo, e ao

fato de que muitas caracteristicas sO podem ser avaliadas na maturidade. Neste



contexto, 0 uso das técnicas biotecnoldgicas atualmente disponiveis podera
resultar em significante impacto no setor florestal acelerando o melhoramento
genético de lenhosas. A abordagem biotecnolégica inclui procedimentos
eficientes de propagagao in vitro, selegdo assistida por marcadores, engenharia de
genes e transformacéo genética, e (RAEMDONCK et a., 2001).

Nesta tese, sdo abordados a cultura de tecidos e 0 uso de marcadores
moleculares RAPD aplicados ao melhoramento de Eucalyptus.

A cultura detecidos

Existem mais de 700 espécies de eucalipto, das quais E. grandis, E.
gunnii, E. citriodora e E. camaldulensis foram as mais estudadas dentro das 51
especies citadas numa revisdo realizada por Le ROUX e van STADEN (1991).
Dentre 15 espécies, para as quais a regeneracdo tem sido pesquisada nos ultimos
vinte anos, somente oito possuem protocolos de regeneragcéo completos (WATT
et a., 2003).

A maioria dos protocolos envolvendo a regeneracdo adventicia de
Eucalyptus spp. se baseia na regeneracdo indireta (WATT et al., 1991; LAINE e
DAVID, 1994; TIBOK et al., 1995; TERMIGNONI et a., 1996; HO et al., 1998;
MORALEJO et a., 1998; CID et a., 1999;: GONZALEZ et a., 2002; PINTO et
a., 2002; SARTORETTO et a., 2002). Nesses trabalhos, os calos obtidos séo
induzidos a regeneragcdo em resposta a reguladores de crescimento, ou
combinactes destes. Por exemplo, a organogénese foi induzida em explantes de
eucalipto com o uso de ANA/BAP (TIBOK et a., 1995), TDZ/2,4-D (NUGENT
et al., 2001), TDZ/ANA (NUGENT et al., 2001), enquanto 2,4-D (WATT et d.,
1991), ANA/TDZ (TIBOK et al., 1995) e ANA (TERMIGNONI et al., 1996;
PINTO et al., 2002) induziram a embriogénese somética.

Nos protocolos de regeneracdo in vitro de eucalipto sdo utilizados
diferentes tipos de explantes como folhas (WATT et a., 1991; MULLINS et a.,
1997; CID et d., 1999), plantulas (TERMIGNONI et al., 1996), embrides
(PINTO et a., 2002), cotiledones (BANDY OPADHYAY et al., 1999; CID et a.,
1999; HARCOURT et al., 2000; NUGENT et al., 2001; PINTO et al., 2002,
SARTORETTO et al., 2002), nos cotiledonares (CID et al., 1999) e hipocdtilos
(TIBOK et a., 1995, HO et al., 1998, BANDYOPADHYAY et a., 1999; CID et



a., 1999; HARCOURT et a., 2000; NUGENT et a., 2001; SARTORETTO et
al., 2002).

Recentemente, foi observado que o “pulsing” com reguladores de
crescimento pode aumentar ou promover a regeneracao a partir de explantes de
ginseng (KEVERS et al., 1999; KEVERS et al., 2000), cenoura (KITAMIYA et
al., 2000), goiabeira serrana (GUERRA et a., 2001), berinjela (PICOLI e
OTONI, 2001), mirtilo (CAO et al., 2002), meldo (KINTZIOS et al., 2002) e
marmelo (D"ONOFRIO e MORINI, 2004). Mesmo considerando diferentes
espécies e periodos de pré-tratamento, foi obtido sucesso na diferenciacéo
adventicia de raizes (KEVERS et a., 1999; PICOLI e OTONI, 2001;
D"ONOFRIO e MORINI, 2004), embrides (KEVERS et a., 2000; GUERRA et
al., 2001; PICOLI e OTONI, 2001; D"ONOFRIO e MORINI, 2004) e ramos
(CAO et d., 2002; D"ONOFRIO e MORINI, 2004). Essa abordagem apresenta-
se como uma aternativa para o desenvolvimento de protocolos de cultura de
tecidos que permitam melhor eficiéncia de regeneracdo para diferentes gendtipos.

MULLINS et al. (1997) observaram que somente para treze dos vinte e
guatro clones de E. camaldulensis testados obteve-se regeneracéo (acima de 1%
de explantes regenerando) em duas ou mais ocasides, em que um deles
apresentou freguéncia de regeneracdo de 80-90%, sendo selecionado para
experimentos de transformacdo. Visando obter protocolos de transformagéo
genética de Eucalyptus grandis, ARGENTON et a. (2002) reaizaram
inoculagBes com A. tumefaciens e selecionaram clones com alta capacidade de
regeneragdo in vitro. No referido trabaho, E. grandis, E. marginata, E.
microtheca e E. ochrophloia também apresentaram regeneracéo de ramos, porém
em freguéncias inferiores a 10%. MACHADO et a. (1997) verificaram variagéo
na suscetibilidade de plantas de E. grandis x E. urophylla a diferentes estirpes de
Agrobacterium. Assim, pode-se perceber a importancia do gendtipo, do tipo de
explante e dos reguladores de crescimento no sucesso dos protocolos de
regeneracao e transformacao de Eucal yptus spp.

As possibilidades de economia de recursos no melhoramento, de
contornar barreiras de reproducdo sexual e de incorporagcdo de genes a um

gendtipo ou ao “pool” génico de uma especie, tornam a tecnologia de DNA



recombinante fundamental em todas as &reas relacionadas a producéo vegetal.
Apesar do maior destague da biobalistica no que diz respeito as lenhosas
(MERKLE, 2003), a transformacéo genética mediada por Agrobacterium tem
sido mais utilizada para a obtencdo de plantas transgénicas (SAVKA et a.,
2002). Com o uso desse vetor, além da etapa de selecdo, ha a necessidade de se
utilizar antibidticos para a eliminacdo de Agrobacterium. Essas substancias
podem interferir no potencial morfogénico das células vegetais (NAUERBY et
a., 1997; LING et al., 1998; d ULTRA VAZ et a., 1993; COSTA et a., 2000;
PICOLI et al., 2000), sendo necessario 0 estudo de seus possiveis efeitos nos
processos de regeneracao.

Apesar dos relatos de sucesso na regeneracdo (WATT et al., 1991;
LAINE e DAVID, 1994;: TIBOK et a., 1995; PINTO et al., 2002), transformacao
genética (MULLINS et a., 1997; MORALEJO et a., 1998; HO et a., 1998;
GONZALEZ et al., 2002; SARTORETTO et al., 2002), propagacdo clonal
(ZOBAYED et al., 2000) e conservacéo de germoplasma (WATT et al., 2000), o
eucalipto ainda é considerado recalcitrante ao cultivo in vitro.

Alguns fatores tém limitado o progresso na transferéncia de genes para o
eucalipto, como o pouco conhecimento do controle molecular de caracteristicas
como crescimento e qualidade de caule e da madeira, indisponibilidade de genes
de interesse, suscetibilidade limitada das espécies a Agrobacterium, e a
dificuldades com os protocolos de regeneracdo (MacRAE e van STADEN,
2000). Dentre os fatores que dificultam a cultura in vitro do eucalipto destaca-se
a contaminacdo endogena dos explantes com microrganismos (FROSSARD et
a., 1977, WATT et d., 1991; ASSISe TEIXEIRA, 1998; DIAS et al., 2001).

Como parte da linha de pesquisa visando o isolamento e a caracterizagéo
de genes que conferem resisténcia a Puccinia psidii, é essencia o
desenvolvimento de um protocolo de transformagdo genética de Eucalyptus spp.
Este trabalho vem sendo conduzido no Laboratorio de Patologia Florestal e
Genética da Interacdo Planta Patégeno/BIOAGRO/UFV em conjunto com o
Laboratério de Cultura de Tecidos Vegetais [I/BIOAGRO/UFV. Nesta
dissertacdo estdo descritas algumas etapas executadas visando o desenvolvimento

deste protocolo. No Capitulol relata-se o isolamento e identificacdo de uma



bactéria endofitica a partir de ramos de um gendétipo hibrido de Eucalyptus
grandis vs. E. smithii cultivados in vitro, assim como abordagens utilizadas
visando o controle da mesma como a avaliacdo da sensibilidade da bactéria a
antibioticos. No Capitulo 2 descreve-se a avaliagdo do efeito de diferentes
concentracdes de antibidticos na morfogénese in vitro de eucalipto. No capitulo 3
avaliou-se 0 efeito da exposicdo de explantes a altas concentragbes de
reguladores de crescimento por curtos periodos (“pulsing”) na morfogénese in
vitro de eucalipto.

Mar cadores RAPD

O conhecimento da diversidade genética e sua distribui¢éo entre e dentro
de populagdes € importante para a condugdo de programas de melhoramento. A
obtencdo de estimativas das relacdes genéticas entre linhagens de uma espécie
tem sido proposta com base no pedigree, andlise multivariada de caracteres
quantitativos e de analise com base em marcadores moleculares (MOSER e LEE,
1994). Particularmente, a selecdo assistida por marcadores, a identificagdo de
QTLs (locos de caracteristicas quantitativas) e a predicdo de performance de
hibridos foram relacionadas por HENRY e SHEPHERD (2000) como aplicactes
dos marcadores moleculares ao melhoramento de espécies lenhosas.

Desde seu desenvolvimento por WILLIANS et al. (1990), a técnica de
RAPD tem sido utilizada em diversos estudos (DIAS et a., 2004). No género
Eucalyptus, a técnica de RAPD mostrou-se eficiente na construgdo de mapas
genéticos (CAMPINHOS et al., 1997; SHEPHERD et a., 1999; JUNGHANS et
al., 2003), na discriminagdo de genétipos (KEIL e GRIFFIN, 1994; PICOLI et
al., 2000), em estudos de parentesco de hibridos (DELAPORTE et a., 2001), da
estrutura genética de populagbes naturais (SKABO et al., 1998), na diferenciacéo
de espécies de Eucalyptus spp. e seus hibridos (SALE et al., 1996), na estimacao
da taxa de polinizagdo cruzada (GAIOTTO et al., 1997), da variabilidade
genética (NESBITT et a., 1995), e na estimacdo da capacidade especifica de
combinagdo (BARIL et a., 1997). Entretanto, existe grande variagdo no nimero
de marcadores utilizados (DIAS et a., 2004). Fato que também ocorre para
Eucalyptus spp., para 0 qual o numero de marcadores RAPD utilizado variou de
23 (GAIOTTO et d., 1997) 4561 (DELAPORTE et al., 2001).



O uso de hibridos de algumas espécies de Eucalyptus em condices
exoticas freguentemente resulta em ganhos significativos devido a seus valores
heteréticos, ou a combinacdo de suas caracteristicas (ZOBEL et al., 1987).
ASSIS (1996) destacou a possibilidade de associar as estratégias de
melhoramento para espécies puras a programas de producéo de hibridos e de
clonagem, tendo em vista a producéo e multiplicagdo de combinagdes superiores.
Apesar das consideracfes sobre a tendéncia de aumento da inviabilidade dos
hibridos de eucalipto com 0 aumento da distancia taxonémica entre os parentais
(POTTS e DUNGEY, 2004), ha também relatos de excecdes bem sucedidas.
Segundo os autores, 0 ponto chave para a selecdo de hibridos seria o rapido
desenvolvimento e teste de grandes populacdes e a aplicacdo de alta intensidade
de selegdo. ASSIS (2000) considera ainda que, para plantios comerciais, deve-se
focar na performance dos melhores hibridos e das melhores familias, e ndo na
performance média do hibrido. Assim, alguns aspectos da selecéo a priori dos
parentais para a producdo desses hibridos séo abordados no capitulo 4, onde,
particularmente para 0 eucalipto, esperase que o0 direcionamento dos
cruzamentos entre e dentro de espécies do género possa resultar em economia de
mé&o-de-obra, de area e de recursos com a experimentacao.

Nesse contexto, qualquer procedimento que facilite a selecdo de
cruzamentos de eucaliptos pode implicar em economia de trabalho, tempo e
recursos técnicos. Todavia, atualmente, ndo existem dados experimentais que
comprovem 0 aumento do vigor heterdtico em cruzamentos de eucalipto
envolvendo materiais considerados geneticamente mais divergentes com base em
marcadores RAPD.

Como parte da linha de pesquisa que visa o0 direcionamento de
cruzamentos e conservacdo da diversidade genética de uma populacdo de
melhoramento de eucalipto, o capitulo 5 desta tese apresenta estimativas da
distancia e da diversidade genética de 84 matrizes de eucalipto com base em
marcadores RAPD, sua associagdo com as espécies E. grandis e E. urophylla; ea
estimativa do numero 6timo de marcadores RAPD a serem utilizados na

determinacéo das distancias genéticas.



CAPITULO 1

DETECCAO E CONTROLE COM ANTIBIOTICOS DE Herbaspirillum huttiense

ISOLADA DE EXPLANTES DE EUCALIPTO in vitro



Resumo

Experimentos de cultura de tecidos vegetais visando a obtencdo de um
protocolo de transformagéo genética de um hibrido de Eucalyptus grandis vs. E.
smithii tém sido dificultados por contaminacfes presentes nos explantes. Foram
isoladas culturas de leveduras e de bactérias dos explantes. A bactéria foi
identificada como Herbaspirillum huttiense (Leifson) Ding e Y okota, a qual foi
avaliada quanto a sensibilidade a antibioticos. Dentre os 34 antibioticos testados
in vitro visando o controle de seu crescimento, 12 induziram halos de inibic&o.
Sulfadiazina, estreptomicina, canamicina e penicilina foram selecionadas para a
determinacdo da concentrac&o inibitoria minima. Sulfadiazina, estreptomicina e
canamicina induziram halos de inibicdo a partir de 256 e 512 mg I, enquanto
penicilina ndo apresentou efeito bacteriostatico em concentracdes de até 1024 mg
It

Palavras-chave: Eucalyptus, contaminacdo bacteriana, enddfita, cultura

de tecidos vegetais.

Abstract

In vitro assays involving culture of explants and aiming a genetic
transformation protocol for a hybrid of Eucalyptus grandis vs. E. smithii have
been arrested by microorganism contamination. There was isolated one yeast and
one bacterium cultures. The bacterium was identified as Herbaspirillum huttiense
(Leifson) Ding and Yokota, which was evaluated for antibiotic sensibility.
Among 34 antibiotics tested, only 12 inhibited bacterial growth. Sulfadiazine,
streptomycin, kanamycin and penicillin were selected for determining the
minimal inhibitory concentration. Sulfadiazine, streptomycin, and kanamycin
presented inhibition halo at 256 and 512 mg I, while penicillin did not displayed
bacteriostatic effect at the concentrations up to 1024 mg | ™.

Key words: Eucalyptus, bacterial contamination, endophyte, plant tissue culture



Introducéo

A cultura de tecidos vegetais vem contribuindo para o sucesso da
propagacdo clonal, conservacdo de germoplasma e transformacéo genética de
diversas espécies, incluindo Eucalyptus spp. Apesar do sucesso na regeneracao
(Lainé e David 1994, Tibok et al. 1995), transformacdo genética (Morago et al.
1998, Gonzalez et al. 2002), propagacéo clonal (Zobayed et a. 2000) e
conservacdo de germoplasma (Watt et a. 2000), o eucalipto ainda € considerado
como recalcitrante ao cultivo in vitro. Dentre os fatores que dificultam a cultura
in vitro de espécies de eucaliptos destacam-se a adequacéo dos protocolos de
regeneracéo, as interagdes do genotipo com os protocolos, a producédo de
compostos fendlicos, a oxidacdo e a contaminacdo endogena dos explantes
(Frossard et a. 1977, Watt et al. 1991, Assise Teixeira 1999, Dias et a. 2001).

Particularmente, a contaminacdo enddgena tem sido um obstéculo para a
culturain vitro de Eucalyptus spp. (Frossard et a. 1977, Waitt et al. 1991, Dias et
al. 2001). Esses contaminantes tém igual mente prejudicado o estabelecimento e a
multiplicacdo de material in vitro, experimentos de regeneracao e transformacao
genética em andamento.

Espécies de bactérias dos géneros Agrobacterium, Alcaligenes,
Corynebacterium, Enterobacter, Flavobacterium, Micrococcus, Pseudomonas,
Xanthomonas encontram-se frequentemente associadas a tecidos vegetais
cultivados in vitro (Buckley et al. 1995, Tanprasert e Reed 1998, Reed et al.
1998, Kobayashi e Palumbo 2000). Efeitos diretos sobre o material cultivado in
vitro sd0 observados a exemplo de Leifert e Waites (1992) que verificaram
reducdes significativas da matéria seca de Delphium sp. devido a contaminagéo
por Erwinia carotovora.

Assim, o presente estudo teve por objetivos o isolamento, a identificac&o
e a caracterizagdo da resposta a antibioticos, de uma bactéria isolada de culturas
in vitro de um clone hibrido resultante do cruzamento entre E. grandis e E.

smithii.



Material e métodos

Material vegetal

Plantas de um hibrido de E. grandis Hill ex Maiden e E. smithii Baker
propagados in vitro foram aclimatadas e mantidas em casa de vegetacdo. Apos
seu estabelecimento em vasos contendo 10 | de solo fumigado com brometo de
metila (50 cc m™), as plantas foram submetidas a podas regulares a cada dois
meses servindo de matrizes para retirada de segmentos nodais a serem
introduzidos in vitro. As porgdes terminais de ramos com trés a quatro gemas
foram retiradas e desinfestadas em solucéo de benomil a 0,5 g I, por 15 min.
Subseguentemente, sob condicBes assépticas em camara de fluxo laminar
horizontal, foram enxaguadas trés vezes em agua destilada e autoclavada, e
transferidas para solucdo de hipoclorito de sodio a 2,5% (v:v), por 15 min, sendo
novamente enxaguadas.

O materia foi seccionado, de modo que cada explante constituiu um
segmento nodal com uma gema, e transferido para meio de estabel ecimento. Esse
meio foi composto por metade da concentracéo dos sais MS (Murashige e Skoog
1962), 15 g I sacarose, 15 g I™* glicose, vitaminas de White (1943), 100 mg I™* i-
inositol, 800 mg It PVP 40.000 (polivinilpirrolidona) (Sigma Chemical Co.,
EUA), 0,1 mg I"* de ANA (Sigma Chemica Co, EUA), 0,5 mg I de BAP (6-
benzilaminopurina) (Sigma Chemical Co., EUA), 7 g 1™ &gar (Merck, Germany).

Posteriormente, o material foi recultivado em meio de multiplicacéo
consistindo de sais MS, vitaminas TL (2,5 mg I™* &cido nicotinico, 10 mg I
tiamina, 1,2 mg I™* piridoxina), 100 mg I™* i-inositol, 800 mg I"* PVP 40.000, 15 g
It sacarose, 15 g I™* glicose, 0,1 mg I'* de ANA, 0,15 mg I™* de BAP, 7 g I'™* &gar.
Nos experimentos envolvendo a regeneracéo adventicia de ramos, folhas desse
material foram retiradas assepticamente e transferidas para meio indutor, que
difere do meio de multiplicagdo pelos reguladores 0,1 mg I ANA e 0,1 mg I
TDZ (1-fenil-3-(1 ,2 ,3-thidiazol-5-yl)urea) (Sigma Chemica Co., EUA).

| solamento da bactéria

Exsudato mucoso dos explantes foi coletado e transferido para meio de

regeneracdo liquido, sem a adicdo de reguladores de crescimento.
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Posteriormente, foi semeado em meio solido, a partir do qua isolados de
colOnias independentes foram identificadas e submetidas a antibiogramas.

Teste de patogenicidade

Uma cultura da bactéria multiplicada em meio 523 (Kado e Heskett,
1970) sdlido por 24 h foi utilizada no preparo de uma suspenséo de células em
solucéo salina NaCl a 0,85% e gjustada para DO, =550=0,1. Trés plantas de cada
uma das seguintes espécies. Lycopersicon esculentum Mill., Pipper nigrum L.,
Coffea arabica L. e Nicotiana tabacum L., contendo quatro a seispares de folhas
cada, foram infiltradas com suspensdo bacteriana utilizando-se injecdo em duas
folhas e mantidas a 25°C e fotoperiodo de 12 h. Plantas de E. grandis x E. smithii
de seis meses de idade mantidas em casa de vegetacdo foram inoculadas pelo
mesmo método. As plantas foram avaliadas quanto ao tipo de reacéo observada
na area infiltrada por 72 h. As plantas de eucalipto foram avaliadas até o decimo
dia apds inoculacéo.

| dentificacdo da bactéria

Testes bioquimicos e de Gram

Testes de Gram, Hugh e Leifson e utilizacdo de asparagina como Unica
fonte de carbono foram realizados de acordo com Schaad et a. (2001). A
identificagdo da bactéria foi realizada pelo uso do sistema de microplacas Biolog
(GN MicroPlate, Biolog CA). Para isso, uma cultura obtida a partir de uma
colénia isolada foi multiplicada em meio BUGM (Biolog Universal Growth
Medium) e apbs 24 h as células foram ressuspensas em solugdo salina (NaCl a
0,85%). Um volume de 150 i da suspensdo (com turbidez gjustada para 63% de
transmitéancia) foram vertidos em cada cavidade da placa, a qual foi transferida
para uma incubadora a 28°C. As leituras foram realizadas com o auxilio de um
leitor de ELISA, utilizando-se um filtro de 560nm e o resultado submetido a
andlise no programa MICROLOG O 4.01B (BIOLOG, CA).

Clonagem e sequenciamento do rDNA16S

O rDNA16S da bactéria foi amplificado por PCR com os
oligonucleotideos iniciadores Ri- AGA GTT TGA TCC TGG CTC AG e R»-
AAG GAG GTG ATC CAG CCG CA (Weishurg et al. 1991). A reacdo com
volume final de 25m constou de 100ng de DNA gendmico da bactéria, 20pM de
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cada oligonucleotideo iniciador, 10mM Tris-HCI, 50mM KCI, 1,5 mM MgCl.,,
0,2 mM de dNTPs e 1 unidade de Taq polimerase. O produto da PCR foi
submetido a eletroforese em gel de agarose a 1% sob tampédo TAE (1X) por 2ha
100 volts. O gel foi corado com brometo de etideo a 0,5 ng ml™ e visualizado em
luz UV. Os produtos da amplificacdo (fragmento de aproximadamente 1600pb)
foram purificados do gel com kit QIAquick (Qiagen, Hilden, Alemanha),
segundo o protocolo do fabricante. Os fragmentos foram clonados em pGEMT
(Promega, USA) e seqiienciados em sequenciador ABI Prisma (Perkin-Elmer,
UK). A sequiéncia parcial do gene foi comparada com sequiéncias depositadas na
base de dados do GenBank. A arvore filogenéticafoi construida a partir da matriz
de distancia cal culada pel o método Neighbor-Joining (Saitou e Nei 1987).

Avaliagao dos antibioticos

Antibiogramas

Discos de papel contendo diferentes antibioticos foram utilizados nos
antibiogramas (Tabela 1) pela técnica de dupla camada (Romeiro, 2001). Uma
camada de agar-agua(2%) foi vertida em placas de Petri e, em seguida, uma
segunda camada de meio semi-solido, constituido por 10 g |™'de sacarose, 8 g I
caseina hidrolizada, 4 g I de extrato de levedura, 2 g I KH,PO,, 350 mg I*
MgS0O,, 0,85% de agar, pH 5,7 contendo suspensdo de bactéria (DO, 200=0,4) a
1% (v:v). Os discos contendo os antibioticos foram colocados sobre a segunda
camada e as placas incubadas a 28°C e auséncia de luz por 24 h, quando se
avaliou aformacao de halos de inibicéo.

Concentracéo minima inibitéria (CMI)

Os antibioticos sulfadiazina, estreptomicina, canamicina e penicilina
foram selecionados para a determinacdo da CMI. Os antibidticos foram diluidos
nas concentracdes 2, 4, 8, 16, 32, 64, 128, 256, 512 e 1024 mg | ™ e, em seguida,
10 m de cada concentracéo foram aplicados em discos de papel filtro (Whatman
n°1) de 0,5 cm de didametro. Subsequientemente, os discos foram colocados sobre
0 meio contendo suspensdo bacteriana, conforme descrito para os antibiogramas.
Foram utilizadas quatro repeticdes para cada concentragcdo de cada um dos
antibioticos. Porcdes de agar da regido do halo de inibicdo correspondentes a

maior concentracdo de cada antibidtico foram transferidas para meio liquido e
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incubadas a 28°C, por 24 h. Ap6s a incubagdo, aferiu-se a densidade dtica das
amostras em espectrofotdometro (DO, —g00) € Uma aliquota foi estriada em placas
contendo meio solido, as quais foram novamente incubadas nas condigdes acima
descritas. Os dados foram submetidos a andlise de variancia (ANOVA) e em
seguida foram obtidas as equacoes de regressao.

Resultados e discusséo

Os explantes do hibrido de eucalipto em experimentos de multiplicacéo
(Figura 1A) e regeneracdo (Figura 1B) apresentaram exsudacdo de
microrganismos no meio de cultura. Juntamente com a liberacdo de compostos
fendlicos, a contaminac@o microbiana dificulta a regeneracéo do material .Apesar
dos explantes de eucalipto apresentarem oxidagdo, a contaminagdo parece
agravar esse quadro (Figura 1B). A esterilizacdo eficiente dos instrumentos é
importante no controle desta contaminagdo, visto existirem estirpes bacterianas
capazes de sobreviver aimersdes em alcool e ao calor, e a observacdo de perdas
de até 100% em material de espécies perenes recém introduzido (Skirvin et al.
1999). Essas observacoes estdo de acordo com o relato de Leifert et al. (1989),
segundo o qual a presenca de contaminantes resultou na morte de material
cultivado in vitro. Além disso, o estimulo da producéo de compostos fenolicos
devido a injurias (George e Sherrington, 1984) pode afetar a morfogénese
(Durand-Cresswell e Nitsch 1977, Gill e Gill 1994).

Mesmo com a eliminacdo do material visivelmente contaminado durante
a introducédo dos explantes in vitro, ainda se constatou contaminagéo microbiana
(Figura 1A). Este fato pode ser atribuido a auséncia de sintomas macroscopicos
ou estagios latentes dos microrganismos endofiticos dos explantes (Leifert et al.
1991, Kobayashi e Palumbo 2000). Bactérias e leveduras também foram
encontradas em tecidos cultivados in vitro de espécies como Hemerocallis e
Choisya (Leifert et al. 1991), Mentha sp. (Reed et a. 1995), Fragaria sp.
(Tanprasert e Reed 1997), Corylus avellana e C. contorta (Reed et al. 1998),
Citrus (Niedz e Bausher 2002), dentre outros.

O sucesso do tratamento com antibidticos pode ser previsto com
seguranca somente apos o isolamento, a identificagdo e o teste da sensibilidade

dos contaminantes (Leifert et al. 1991). Assim, foram obtidas col6nias isoladas
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dos microrganismos presentes no exsudato de eucalipto cultivado in vitro, onde
se constatou a presenca de uma especie de levedura e de uma bactéria. No
presente trabalho, foram realizadas a identificacéo e caracterizacdo da resposta a
antibioticos do isolado bacteriano visando ao controle dessa contaminagcdo em
protocol os de regeneracdo e transformacao genética desse gendtipo hibrido entre
E. grandis e E. smithii.

As células bacterianas apresentaram forma de bastonetes, reacdo gram
negativa (Figura 1D), além de se caracterizarem como aerdbias estritas e
utilizarem asparagina como unica fonte de carbono. As coldnias da bactéria séo
de cor creme e lisas em meio 523, medem 0,5 (0,3-0,77) mm com 72 h (Figura
1C), enquanto as células medem 1,05 (0,89-1,35) nm x 0,24 nm (Figura 1D).

Segundo a base de dados MICROLOG O 4.01B, o resultado do teste
BIOLOG indicou tratar-se de Herbaspirillum huttiense (Leifson 1962) Ding and
Y okota (2004). Esta identificag&o foi confirmada pelo sequenciamento parcial do
do gene rDNA16S, sendo que o isolado de eucalipto apresentou94% de
identidadecom as sequéncias do rDNA 16S de H. huttiense, isolado ATCC
14670T, numero de acesso AB021366 (Genebank) (Figura 2). Esta bactéria era
denominada Pseudomonas huttiensis até sua recente reclassificacdo para o
género Herbaspirillum (Ding e Yokota 2004), que foi adotada neste trabalho.
Este fato, aém da condicdo de endofita, amplia as possibilidades de interagéo do
isolado em estudo com o eucalipto.

A bactéria ndo induziu reacdo de hipersensibilidade em Lycopersicon
esculentum Mill., Pipper nigrum L., Coffea arabica L. e Nicotiana tabacum L
apos 24 h de incubagéo, entretanto, induziu clorose e necrose em fumo a partir de
72 h (Figura 1E). A inoculacéo no clone hibrido entre E. grandis x E. smithii da
qgual foi isolada, ndo provocou sintomas de manchas foliares nem exsudagdo no
ponto de inoculagdo. Elbeltagy et al. (2001) observaram que Herbaspirillum
B501, uma estirpe modificada geneticamente contendo o gene gfp, colonizava
preferencialmente os espacos intercelulares de Orgéaos vegetativos, ndo sendo
encontrada nos tecidos vasculares de arroz. Reacdo semelhante pode estar

ocorrendo com H. huttiense isolada no hibrido de eucalipto.
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Apesar de Herbaspirillum seropedicae e H. rubrisubalbicans causarem a
faixa mosqueada em um genotipo sensivel de cana-de-agucar, H. seropedicae foi
encontrada como enddfita em dez espécies de gramineas, enguanto H.
rubrisubalbicans foi isolada somente de cana-de-aglcar. Ambas foram capazes
de fixar nitrogénio (Baldani et al. 1996). Elbeltagy et al. (2001) também
verificaram evidéncias de diferencas na fixagcéo de nitrogénio dependo da espécie
de arroz, em funcéo da colonizagdo variavel dos tecidos por Herbaspirilum.

Apesar de outras espécies de Pseudomonas (K obayashi e Palumbo 2000)
e Herbaspirillum terem sido relatadas como endofitas ou enddfitas diazotroficas
(Sabino et al. 2000), respectivamente, a ocorréncia da espécie descrita no
presente trabalho como endofita ou como rizobactéria promotora de crescimento
de plantas (RPCPs) em Eucalyptus sp. ndo foi encontrada na literatura
consultada. Entretanto, de modo semelhante aos resultados proporcionados por
Herbaspirillum sp. em arroz (Elbeltagy et a. 2001), o isolado de Herbaspirillum
oriundo de eucalipto pode também proporcionar efeitos benéficos sobre o
crescimento de plantas pela fixag&o bioldgica do nitrogénio ou pela producéo de
fitormonios.

Dentre os 34 antibiéticos testados quanto a capacidade de controlar o
isolado de H. huttiense de eucalipto, 12 induziram halos de inibicdo (Tabela 1,
Figura 1F). De acordo com Baldani et al. (1996) H. seropedicae foi sensivel a
cloranfenicol, eritromicina, estreptomicina, gentamicina, canamicina e
tetraciclina, e resistente a penicilina. Diferentemente do encontrado por esses
autores, e apesar dos diferentes resultados para penicilina nos testes quantititivo e
qualitativo, cloranfenicol, eritromicina e tetraciclina ndo inibiram o crescimento
de H. huttiense isolada do hibrido de eucalipto (Tabela 1).
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Figura 1 — Contaminacdo endégena em tecidos de eucalipto cultivados in vitro.
A — Ramo de eucalipto com exsudagdo em meio de multiplicacéo (seta);
B — Detalhe de crescimento de bactérias e ou leveduras em explantes foliares
em meio de regeneracéo (seta); C — Colbnias de Herbaspirillum huttiense
em meio 523; D — Detalhes da forma e dimensBes da bactéria observada ao
microscopio Gtico apOs coloracdo com sdafranina; E — Teste de
hipersensibilidade em plantas ndo hospedeiras (Nicotiana tabacum L.,
Lycopersicon esculentum Mill., Pipper nigrum L. e Coffea arabica L.);
F — Antibiograma realizado com os antibidticos nitrofurantoina (1),
novamina (2), &cido oxidinico (3), polimixina (4), sulfadiazina (5),
sulfonamida (6) e tobramicina (7), detalhes dos halos de inibic&o. Barras: (A,
B,F)=1cm; (C) =0,1 cm; (D) = 10mm; e (E) = 10 cm.
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1 f3 3 Oxalobacter formigenes U49749
Lel22 Bordetella bronchiseptica X57026

Massilia timonae U54470

Pseudomonas lemoignei AB021375

Janthinobacterium agaricidamnosum Y 08845
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99 UFVBF0001

g5 Herbaspirillum huttiense  AB021366

82%—|erbaspi rillumfrisingense AJ238359
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Figura 2 — Dendrograma filogenético baseado na sequiéncia parcial de 556 pb de
rDNA16S da bactéria UFVBF0O001 com seqiéncias de espécies
presentes na base de dados GenBank. Arvore construida no programa
DNAMAN 4.0 (Lynnon Biosoft, Quebec, Canadd). Valores de
BOOTSTRAP calculados a partir de 2000 arvores.

A adicdo de substancias antimicrobianas a0 meio de cultura € uma
dternativa para o controle de contaminagGes, contudo, a determinacdo da
concentragdo minima bactericida e atencdo ao potencial fitotOxico desses
produtos devem ser observados. Dos antibiéticos que promoveram halos de
inibico (Tabela 1), sulfadiazina, estreptomicina, penicilina e canamicina foram
avaliadas em diferentes concentragcbes para a determinagdo da concentracdo
minima bactericida (Figura 3). Sulfadiazina, estreptomicina e canamicina
causaram halos de inibicso a partir de concentragdes entre 256 e 512 mg I™%. Os
halos de inibicdo ndo foram observados para nenhuma das concentragcdes de
penicilinatestadas (Figura 3).
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As leituras médias de densidade ¢tica (DO, -go0) do meio semeado com
por¢cbes dos halos de inibicdo (estreptomicina=0,0735; canamicina=0,1088;
penicilina=0,0252 e sulfadiazina=0,0191) foram menores que o controle repicado
com a bactéria (0,2429). Entretanto, todas as placas semeadas com 0s respectivos
mei 0s apresentaram coldnias de bactérias, indicando que sua atividade foi apenas
bacteriostatica. Igualmente, Reed et al. (1995) e Tanprasert e Reed (1997)
relataram atividade bacteriostatica e ndo bactericida de alguns antibidticos. Do
mesmo modo, experimentos preliminares com o tratamento de explantes e ramos
com antibiéticos e fungicidas ndo foram eficientes no controle da contaminacdo
enddgena (dados ndo apresentados).

Ainda assim, mesmo que os antibioticos tivessem sido eficazes na
eliminacdo da bactéria, alguns dos compostos ndo poderiam ser utilizados visto
sua fitotoxicidade ao tecido vegetal, a exemplo da canamicina. Considerando os
possiveis efeitos de antibi6ticos na morfogénese de Eucalyptus sp., experimentos
para se determinar a dose que permitisse o controle dos microrganismos e a
regeneracdo dos tecidos devem ser realizados. Ainda que gustes no protocolo de
regeneracao sejam necessarios, Picoli et al. (2005) observaram gque concentractes
de até 600 mg |I* de Timentin® e carbenicilina nd prejudicaran o
desenvolvimento de calos, enquanto cefotaxima a partir de 300 mg I ™ mostrou-se
fitotoxica.

12

B

< 10

il

2 i

€ 08 —— ¢ sulfadiazina

% 0.6 - - ] canamicina

(] [ .

T Yeu= -0,003C2 +0,1403C - 0,0509 A estreptomicina
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Figura 3 — Inibicdo do crescimento de Herbaspirillum huttiense devido a
concentragbes  crescentes de  sulfadiazina, canamicina,
estreptomicina e penicilina. Pontos no grafico correspondem a

média de quatro leituras para cada concentracdo.
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Tabela 1 — Relagdo dos antibidticos e substancias com atividade antibacteriana
testadas para o controle de Herbaspirillum huttiense (UFVB0001),

conteido da substéancia presente nos discos e, didmetro médio do halo

deinibic&o.
Conteddo Diametro médio Conteido Diametro médio

Antibidticos (nmg/disco) dohalo(cm) Antibidticos (hg/disco) do halo (cm)
amoxicilina 10 0,0 lincomicina 2 0,0
ampicilina 10 0,0 ac. nalidixico 30 0,0
bacitracina 10 0,0 neomicina 30 0,0
carbenicilina 100 0,0 netilmicina 30 1,6
cefadroxila 30 0,0 nitrofurantoina 300 25

amicacina
cefalexina 30 0,0 (novamicin) 30 1,2
cefalotina 30 0,0 oxacilina 5 0,0
cefotaxima 30 1,7 ac. oxdinico 30 0,0
cefoxitina 30 0,0 penicilina 10 15
ceftriaxona 30 0,0 polimixina 300 0,0
cloranfenicol 30 0,0 rifampicina 5 0,0
clindamicina

(dalacin) 2 0,0 sulfazotrina 25 29
eritromicina 15 0,0 sulfadiazina 300 2,0
estreptomicina 10 1,1 sulfonamida 300 3,5
fosfomicina 50 0,0 tetraciclina 30 0,0
gentamicina 10 1,0 tobramicina 10 1,4
canamicina 30 1,3 vancomicina 300 0,0

Uma alternativa para contornar a contaminaga@o por bactérias na cultura
de tecidos é a alteragdo do pH do meio de cultura. Buckley et a. (1995)
observaram que a sensibilidade de estirpes de Xanthomonas sp. e Agrobacterium
sp. a antibioticos variou de acordo com o pH, onde foram inibidas em pH 7,5. A
influéncia do pH sobre a sensibilidade a antibiéticos também foi observada por
Leifert e Waites (1992) e Niedz e Bausher (2002). Outra opcéo para o controle
dos endofiticos é o tratamento de tecidos vegetais com agua quente (42-45°C),
eficiente na reducdo da contaminacdo endogena de Lilium sp. e Acer sp.
(Langens-Gerrits et a. 1998).

Reed et al. (1998) e Tanprasert e Reed (1998) verificam que antibi6ticos
testados individuamente foram ineficazes para a maioria dos isolados de

bactérias estudadas, contudo, a mistura de Timentind, estreptomicina e
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gentamicina ndo foi fitotdxica e apresentou resultados promissores. Leifert et al.
(1991) também verificaram que o0 uso de combinagbes de antibioticos foi
eficiente no controle de contaminantes de tecidos vegetais cultivados in vitro.
Entretanto, Phillips et al. (1981) verificaram que 50 mg mi™ de rifampicina foram
suficientes para o controle de bactérias em Helianthus tuberosus. Outros
antibidticos como o &cido nalidixico, fosfomicina, estreptomicina, penicilina e
cloranfenicol foram ineficazes contra contaminagbes bacterianas dessa mesma
espécie.

Apesar da atividade bacteriostatica dos antibiéticos individuais sob H.
huttiense, experimentos com misturas dessas substéncias encontram-se em
andamento. A utilizagdo de PPMO (Plant Preservative Mixture, Plant Cell
Technology, Inc., EUA), bem como a ateragdo dos valores do pH do meio
concomitantemente com o uso de antibioticos podem ser eficases para o controle
dessa contaminacdo. Observacdes quanto a fitotoxicidade e CMI também devem
ser realizadas, tendo em vista o custo do tratamento com antibiéticos, praticidade
e reducdo do risco de selecéo de estirpes de microrganismos resistentes. Embora
H. huttiense tenha se apresentado como uma dificuldade a cultura in vitro do
gendtipo de E. grandis x E. smithii, sua identificacdo em eucalipto abre
perspectivas de aumento de producéo ou de fixacdo biolégica do nitrogénio em
uma espécie lenhosa. Entretanto, estudos adiconais sd0 necessarios para
confirmac&o desta hipotese.
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CAPITULO 2

In vitro MORPHOGENESIS OF Eucalyptus grandis. EFFECTS OF ANTIBIOTIC

AND EXPLANT SOURCES
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Resumo

Os efeitos de concentragdes crescentes de cefotaxima, carbenicilina e timentin
foram avaliados na morfogénese in vitro de explantes de Eucalyptus grandis. Foi
observado que carbenicilina e timentin aumentaram a frequéncia de explantes
regenerando calos e reduziram a necrose até 600 mg L™, enquanto cefotaxima
teve 0 mesmo comportamento até 300 mg L™, a partir da qual levou a um
aumento da freqiéncia de explantes necrosados. Explantes de hipocétilos e
cotildones apresentaram resultados semelhantes quanto a morfogénese, apesar de
estudos adicionais quanto a0 aumento da inducdo de gemas e ramos Serem
necessarios. Nossos resultados sugerem que carbenicilina ou timentin devem ser
utilizados em protocolos de cultura de tecidos de eucalypto ou de transformagéo
genética, considerando seu efeito positivo na cal ogénese.

Palavras chave: Eucalyptus grandis, morfogénese, antibiéticos, cultura de
tecidos vegetais.

Abstract

Effects of increasing concentrations of cefotaxime, carbenicillin and timentin on
the in vitro morphogenesis of Eucalyptus grandis explants were evaluated. It was
observed that carbenicillin and timentin increased the frequency of explants
regenerating callus and decreased necrosis up to 600 mg L™, and that cefotaxime
behaved similarly up to 300 mg L™ a which level there was an increasing
frequency of explants and callus showing necrosis. Hypocotyl and cotyledon
explants presented similar results for morphogenesis, although further studies on
the enhancement of bud and shoot induction are necessary. Our results suggest
that carbenicillin or timentin should be used in Eucalyptus tissue culture or on
genetic transformation protocols, considering their positive effect on
callogenesis.

K ey words: Eucalyptus grandis, morphogenesis, antibiotics, plant tissue culture.
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Introduction

There is an increased demand for charcoal, lumber and wood for
cellulose among other silvicultura commodities in the Brazilian and world
market. Figures show that more than 2.3 and 40 million tons of charcoal, and 46
millions of cubic meters and 187 metric tons of wood for cellulose and paper
production were assigned to these markets, respectively (IBGE 2002, FAO
2002). Although Eucalyptus is native to Oceania, Australia and neighboring
Islands, it iswell adapted in Brazil.

Some biotechnological approaches are currently being applied to
overcome the variability inherent of seed propagation, long generation periods,
characteristics of late expression, and incorporation of resistance and quality
features to elite genotypes. Plant tissue culture procedures have given support to
these approaches while granting means of clonal propagation of superior
individuals, plant reuvenation and regeneration protocols for genetic
transformation (Tibok et al. 1995, Moralgjo et al. 1998, Zobayed et a. 2000,
Nugent et al. 2001, Sartoretto et al. 2002). In these protocols, diferent
regeneration frequencies are observed, what may be associated with the use of
different explants such as leaves, cotyledons, plantlets, embryos and hypocolyls
(Watt et al. 1991, Tibok et al. 1995, Termignoni et a. 1996, Mullins et al. 1997,
Ho et al. 1998, Bandyopadhyay et al. 1999, Cid et al. 1999, Harcourt et al. 2000,
Nugent et al. 2001, Pinto et al. 2002, Sartoretto et al. 2002).

There are valuable efforts at developing wood plant Agrobacterium-
mediated transformation protocols (Ke et al. 2001, Walter et al. 2002), although
transgenic trees have been most commonly obtained via biolistics (Merkle 2003).
Nevertheless, Agrobacteriumr-mediated transformation has been the most used
technique for obtaining transgenic plants (Savka et a. 2002). Since in the
selection and Agrobacterium elimination steps of these protocols there are used
antibiotics that may interfere in the morphogenic potential of the explants, it is
interesting to use those that provide positive or at least null effects over
morphogenesis. Besides that, antibiotics are aso one of the ways of reducing, or
preventing endogenous contamination, observed in plant tissue culture (Reed et
al. 1998).
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Positive (d"Ultra Vaz et a. 1993, Costa et al. 2000, Picoli et al. 2000)
and negative (Nauerby et al. 1997, Ling et al. 1998, Picoli et al. 2002) effects of
antibiotics are observed in in vitro culture of severa species. Albeit studies on
regeneration and transformation protocols, as far as we know, this is the first
report on antibiotics effects on eucaypt in vitro morphogenesis. Accordingly,
this work intends to evaluate the effects of increasing antibiotics concentrations,
and the explant source, on the in vitro morphogenesis of E. grandis.

Materials and methods

Plant material

Eucalyptus grandis seeds from controlled-crosses were supplied by
Companhia Suzano Bahia-Sul (Itapetininga, S&o Paulo). Surface-sterilization was
accomplished by seed immersion into 70% (v:v) ethanol for 5 min, followed by 5
min in a 10% (v:v) hydrogen peroxide solution, and a fina dip in a 5% (w:v)
calcium hypochlorite solution containing 0.1% (v:v) Tween 20. Following, the
seeds were rinsed four times in sterile distilled water, blotted on filter papers, and
then were germinated in vitro in sterile and moistened filter paper. Seeds were
kept in the dark for the first seven days and afterwards were maintained under 16
h light regime, 30 mmol ms™ light radiation provided by two fluorescent tubes
(Luz do Dia Especial, 20 W, Osram) for additional 3 to 5 days. The culture room
temperature was kept at 26:2°C.

In vitro-grown seedlings (10-12 days after germination) were used as the
source of hypocotyl and cotyledonary explants. They were asepticaly removed
and transferred to shoot induction medium (SIM). The latter consisted of MS
(Murashige and Skoog 1962) basal salts supplemented with 2.5 mg L™ nicotinic
acid, 10 mg L™ thiamine, 1.2 mg L™ pyridoxine, 100 mg L™ myo-nositol, 1.5%
(W:v) sucrose, 1.5% (w:v) glucose, 800 mg L™ PVP, 100 mg L™ arginine, 0.1 mg
L™ NAA, 0.1 mg L™ TDZ and solidified with 0.6% agar (Sigma Chem. Co.,
USA) at pH 5.7+0.1.

Antibiotic treatment

The antibiotics cefotaxime (Uni&o Quimica Farmacéutica Nacional SA,
Brazil), timentin (SmithKline Beecham Farmacéutica, Brazil) and carbenicillin
(Sigma Chem. Co., USA) at 0, 150, 300, 450 and 600 mg L™ were added to SIM
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just after autoclaving (1.2 kg cm at 121°C; 15 min) and cooling. The antibiotics
were filter-sterilized with Millipore filters (2.5 cm diameter; 0.22 pm; Millex).
Recultures to SIM were performed each four weeks. Data on frequency of
explants presenting callus without oxidation sectors (CR) and buds (B) were
evaluated after 3 months. Letters that follows these variables identifies first the
explant source, hypocotyl (H) and cotyledon (C), and at the last, the antibiotics
timentin (T), cefotaxime (CE) and carbenicillin (CA).

Statistical analysis

Statistical analysis was performed using a completely randomized
design. Data were subjected to appropriate regression anaysis based on the
average of the experiments. Each treatment had five replicates, with 10 explants
of each source, hypocotyls and cotyledons, per Petri dish. The experiment was
performed twice. Completely contaminated dishes or explants were not
considered in the analysis.

Results and discussion

It was observed that increasing antibiotics concentration presented
positive effects on the frequency of explants with callus and promoted a
reduction in the number of hypocotyl and cotyledon explants showing necrosis
and oxidation, even at timentin and carbenicillin concentrations as high as 600
mg L. Cefotaxime was an exception in that up to 300 mg L™ displayed this
behavior and from which exhibited a trend to augment the necrosis frequencies
(Figures 1A and 1B).

The increased necrosis frequency displayed by cefotaxime suggests
inhibitory or toxic effects on eucalypt explants, as previously observed (Sarma et
al. 1995, Gamaet al. 1996, Picoli et al. 2000, Picoli et a. 2002). Antibiotics used
in eucalypt genetic transformation should take this into account, as it can
possibly increase transformation efficiencies. This is especialy important when
difficulties on eliminating Agrobacterium from plant tissues are observed
(Shackelford and Chlan 1996, Landsmann et al. 1999), where higher antibiotic
concentration might help without constraining regeneration efficiency. Yet, the

wide spread use of cefotaxime in the transformation protocols (Ho et al. 1998,
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Moralgjo et a. 1998, Cid et al. 1999, Gonzdlez et al. 2002) should also be
reviewed based on these results.

Lower frequencies of eggplant explants regenerating shoots and roots
were observed with increasing cefotaxime and timentin concentrations. Even
though, in the concentrations tested, the average number of shoots and roots
decreased with cefotaxime, whilst with timentin no significant effect over these
variables was observed (Picoli et al. 2002). Similarly, cefotaxime had deleterious
effects over eggplant embryogenesis (Picoli et al. 2000), tomato (Ling et al.
1998) and tobacco organogenesis (Nauerby et a. 1997). Genotype interaction
with responses to antibiotics is observed as better growth of N. plumbaginifolia
cell colonies by use of related cephalosporins and penicillins (Pollock et al.
1983). On the other hand, d'Ultra Vaz et a. (1993) reported that cefotaxime
added to the medium was essential for passion fruit (Passiflora edulis f.
flavicarpa) cell division.

Although positive effects of cefotaxime on other species (Yepes and
Aldwinkle 1994, Barret and Cassells 1994), this seems not to be true for
Eucalyptus, where timentin and carbenicillin presented better results. Possibly,
these beneficial effects are related to penicillin metabolism, where one of the
breakdown products, a natural weak auxin (phenyl acetic acid), may contribute to
morphogenic responses (Holford and Newbury 1992).

Even though the presence of explants regenerating buds (Figures 2A, 2B
and 2C), necrosis and oxidation are still present in a great frequency, an average
of 54% considering hypocotyls and cotyledon explants, and al antibiotics
concentrations (Figures 1A, 1B and 2C). Besides that, there is also a low
frequency of explants regenerating buds (Figures 1C and 1D). On the other hand,
little difference was observed when the source of explant was compared (Figures
1A and 1C compared to Figures 1B and 1D). As far as the source of explantsis
concerned, Nugent et al. (2001) and Tibok et al. (1995) found that E. globulus
shoot development occurred at higher frequency from hypocotyl explants. On the
other hand, Cid et al. (1999) observed different results depending on the growth
regulators associated to E. grandis vs. E. urophylla cotyledon, hypocotyl and

cotyledonary node explants.
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The occurrence of necrosis, phenols exudation and explant oxidation
(Figure 2C) are still a problem to be solved regarding eucalypt regeneration
protocols. This detrimental effect of phenolic compounds to morphogenic
processes was approached in the studies by Durand-Cresswell and Nitsch (1977)
and Gill and Gill (1994). Even though Eucalyptus is a recalcitrant species,
genotype variation may have contributed to low regeneration frequencies since
the explants were taken from seeds.

Marked effects of antibiotics and their concentration are observed for
callogenesis, irrespective of the explant used (Figures 1A to 1D). It isinteresting
to note that regression equations display determination coefficients as high as
98% (Table 1), corroborating to the influence of antibiotics on eucalypt
morphogenesis. These results are of great importance thought the indirect
regeneration of shoots and embryos, which has an intermediary step with a
proliferation of less differentiated and organized cells, from which groups or
isolated cells reacquire competence and follows morphogenic pathways. It is
reasoned because, besides adopting cefotaxime, most of the eucalypt
regeneration and transformation protocols are based on indirect regeneration
(Lainé and David 1994, Tibok et a. 1995, Ho et al. 1998, Moralgjo et a. 1998,
Cid et al. 1999, Gonzalez et al. 2002).

Data on explants regenerating buds, in spite of the fact of good
coefficients of determination, still demands further studies regarding the
optimization of regeneration frequencies. Being so, our results suggests that the
use of timentin and carbenicillin, in concentrations up to 600 mg L™, should
support callus induction, athough further studies on direct and indirect
morphogenesis should be accomplished.
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Table 1 - Regression equations and correlation coefficients for the variables
analyzed. Frequency of explants presenting callus without oxidation
sectors (CR) and buds (B)

Variable* Regression Coefficient of determination (R?)
CRHCE Y =-0.0002X? + 0.1282X + 20.73 0.4876
CRHCA Y =-0.0001X? + 0.1476X + 15.775 0.9824

CRHT Y =-0.0001X? + 0.1114X + 22.502 0.5197
CRCCE Y =-0.0003X? + 0.1986X + 31.456 0.7069
CRCCA Y =-0.0001X? + 0.1635X + 24.96 0.9898

CRCT Y =-4*10%X2 + 0.0693X + 29.106 0.734

BHCE Y =3*10%X? - 0.02X + 4.0604 0.9464

BHCA Y = 10%X?- 0.014X + 4.4818 0.616

BHT Y = 10%X? - 0.0125X + 5.3929 0.1688
BCCE Y =-10%X2- 0.0092X + 5.2476 0.4786
BCCA Y = 4*10%°X? - 0.0204X + 3.4405 0.8397
BCT Y = -4*10%X? - 0.0024X + 4.4262 0.4783

*Letters that follows these variables identifies first the explant source, hypocotyl
(H) and cotyledon (C), and at the last, the antibiotics timentin (T), cefotaxime
(CE) and carbenicillin (CA), respectively.
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Figure 1 - Antibiotic effects on the Eucalyptus grandis morphogenic responses.

Observed and estimated frequency of: A — hypocotyl explants

presenting callus with non-oxidated sectors, B —cotyledon explants

presenting callus with non-oxidated sectors;, C —hypocotyl explants

presenting buds; D —cotyledon explants presenting buds. Frequency of

explants presenting callus with non-oxidated sectors (CR) and buds

(B). Letters that follows these variables identifies first the explant

source, hypocotyl (H) and cotyledon (C), and at the last, the antibiotics

timentin (T), cefotaxime (CE) and carbenicillin (CA), respectively.



Figure 2 — Regenerating hypocotyl and cotyledon Eucalyptus explants. A — In
vitro culture showing necrosed (N) and regenerating explants (R), 300
mg L™* carbenicillin; B — Detail of a callus (C) and a bud regenerating
explant (B); C — Detail of a bud regenerating explant and phenol

exudation. Bars = 10 mm.

30



CAPITULO 3

GROWTH REGULATORS PULSING PRE-TREATMENT EFFECT ON THE

Eucalyptus grandis SHOOT AND ADVENTITIOUS ROOT MORPHOGENESIS
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Resumo

Foram avaliadas as respostas morfogénicas de explantes de E. grandis
submetidos a atas concentragbes de reguladores de crescimento, e a pré-
tratamentos combinando as concentragdes de 10, 50 e 100 mg L™ do &cido 2,4-
diclorofenoxiacético por periodos de 6, 12, 24 e 48 h. Plantulas intactas
apresentaram maior inducdo de raizes adventicias (~7 raizesexplante)
comparados a cotilédones e hipocdtilos isolados (<1,5 raizes/explante). O &cido
3-(benzo[b]selenil) acético (BSAA), &cido indol acético (IAA), &cido
indolbutirico (IBA), écido naftalenoacético (NAA) e 2,4-D aumetaram (>10
raizes/explante), enquanto thidiazuron (TDZ), zeatina (ZEA), 6-
benzilaminopurina (BAP) e cinetina (KIN) inibiram (<1 raizes/explante) a
morfogénese de raizes adventicias. O alongamento do epicotilo foi inibido por
TDZ, KIN, 2,4-D, BAP e BSAA, enquanto o mesmo ndo foi observado para
IAA, IBA, NAA e ZEA. BSAA promoveu maior inducdo de raizes adventicias.
O aongamento do epicotilo e 0 numero médio de raizes diminuiram, enquanto a
necrose aumentou, com maiores concentragcoes e exposi¢cdo a 2,4-D, sugerindo a
dependéncia dessas respostas a essas variaveis.

Palavras chave: “pulsing”, morfogénese in vitro, Eucalyptus grandis.
Abstract

The morphogenic responses of E. grandis explants were evaluated when
submitted to high concentrations of growth regulators, and to combinations of 10,
50 and 100 mg L™ of 2,4-dichlorophenylacetic acid (2,4-D) and 6, 12, 24 and 48
hours pre-treatments. Intact plantlets displayed superior adventitious root
induction (~7 roots/explant) compared to isolated hypocotyl and cotyledon
explants (<1,5 rootgexplant). The 3-(benzo[b]selenyl) acetic acid (BSAA),
indolacetic acid (IAA), indolbutyric acid (IBA), naphthaleneacetic acid (NAA)
and 2,4-D enhanced (>10 roots/explant) whereas thidiazuron (TDZ), zeatin
(ZEA), 6-benzylaminopurine (BAP) and kinetin (KIN) inhibited (<1
roots/explant) adventitious root morphogenesis. Epicotyl elongation was
inhibited by TDZ, KIN, 2,4-D, BAP and BSAA, whereas |IAA, IBA, NAA and
ZEA did not. BSAA promoted higher adventitious root induction. Epicotyl
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elongation and average number of roots per explant declined, whereas explant
necrosis augmented, with higher exposure to 2,4-D, suggesting morphogenic
response dependence on these variables.

Index terms:. pulsing, in vitro morphogenesis, Eucalyptus grandis.
Introduction

There are several protocols for regenerating Eucalyptus adventitious
shoots (TIBOK et al. 1995, BANDYOPADHYAY et a. 1999, CID et al. 1999,
HARCOURT et al. 2000, NUGENT et a. 2001) and somatic embryos (WATT et
a. 1991, TIBOK et al. 1995, TERMIGNONI et al. 1996, BANDY OPADHYAY
et al. 1999). These protocols also use different explant sources such as leaf (CID
et a. 1999), seedlings (TERMIGNONI et al. 1996), cotyledon (NUGENT et al.
2001), cotyledonary nodes (CID et al. 1999) and hypocotyls (TIBOK et al.
1995). All of them are grounded on callus induction, which further produces
shoots and embryos whilst transferred and maintained onto growth regulators-
containing medium.

Recently, it was observed that hormone-pulsing could enhance or either
promote in vitro regeneration in goiabeira serrana (GUERRA et a. 2000),
highbush blueberry (CAO et al. 2002), quince (D"ONOFRIO and MORINI 2004)
and in and ginseng (KEVERS et al. 1999, KEVERS et al. 2000). Albeit different
pulsing pre-treatment period, these protocols were successful in root (KEVERS
et a. 1999), embryo (KEVERS et a. 2000, GUERRA et a. 2001) and shoot
(CAOQ et a. 2002) regeneration.

In this work we submitted E. grandis explants to high concentrations of
growth regulators during short pre-treatment periods in order to ascertain its
morphogenic responses. Explant and growth regulator sources, and hormone
concentration and periods of pre-treatment were also evaluated.

Materials and methods

Eucalyptus grandis seeds from a controlled crossing were surface-
sterilized by immersion into 70% (v:v) ethanol for 5 min, followed by 5 minin a
10% (v:v) hydrogen peroxide solution, and a final dip in a 5% (w:v) calcium
hypochlorite solution containing 0.1% (v:v) Tween 20. Following, the seeds were

rinsed four times in sterile distilled water, blotted on filter papers, and then were
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germinated in vitro in sterile and moistened filter paper. Seeds were kept in the
dark for the first seven days and afterwards were maintained under 16 h light
regime, 30 mmol m*s™ light radiation provided by two fluorescent tubes (Luz do
Dia Especia, 20 W, Osram) for additional 3 to 5 days. The culture room
temperature was kept at 26+2°C.

In vitro-grown seedlings (10-12 d old) were used as the source of
plantlet (PL), hypocotyl (HYP) and cotyledonary (COT) explants. All treatments
were transferred to MS medium (MURASHIGE and SKOOG, 1962) basa sats
supplemented with 2.5 mg L™ nicotinic acid, 10 mg L™ thiamine, 1.2 mg L™
pyridoxine, 100 mg L™ myo-inositol, 3% (w:v) sucrose, 300 mg L™ Timentin™
(SmithKline Beecham Farmacéutica), 800 mg L™ PVP, 100 mg L™ arginine and
solidified with 0.6% (w:v) agar (Sigma Chem. Co.), at pH 5.7+0.1. In the first
experiment, the explants were transferred to MS liquid medium containing 100
mg L™ naphthaleneacetic acid (NAA) or 100 mg L™ 2,4-dichlorophenoxyacetic
acid (2,4-D), for 4 hours. Three Petri dishes, with 22 explants per dish, composed
each treatment. Initialy, explants showing necrosis were not considered, and the
frequency of explants presenting roots (FER) and the mean number of roots
(NRE) were evaluated one month after the cultures were initiated.

In the following experiment, Eucalyptus plantlets were pre-treated for 24
hours into MS liquid media containing 100 mg L™* of growth regulators:
indolacetic acid (IAA), indolbutyric acid (IBA), NAA, 2,4-D, thidiazuron (TDZ),
zeatin (ZEA), 6-benzylaminopurine (BAP), kinetin (KIN) (Sigma Chem. Co.), 3-
(benzo[b]selenyl) acetic acid (BSAA) (Acros Organics). An additional control
treatment in the absence of growth regulators was included. Concomitantly, other
experiment was conducted as a factoria where the concentrations of 10, 50 and
100 mg L™ 2,4-D, and the pulsing pre-treatment periods of 6, 12, 24 and 48
hours, were simultaneously evaluated. Each treatment held five Petri dishes with
11 to 15 plantlets per dish. The frequency of explants with epicotyl elongation
(FEEE), frequency of explants showing more than 50% of oxidation (FEO), and
the mean number of roots per explant (NRE) were evaluated.

The experiments were conducted in a completely randomized design.

Data were subjected to Cochran and Bartlett variance homogeneity and Lillifors
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normal distribution test. Appropriate mean test (Tukey), at 5% probability, and
surface response analysis based on the average of the experiments were
conducted by using the software Statistica 5.0.

Results and discussion

Regardless 2,4-D or NAA 4-hour pre-treatment, whole plantlets lead to
higher adventitious roots morphogenesis (Figure 1A). The higher number of
adventitious roots observed on intact plantlets compared to isolated hypocotyls
and cotyledonary explants also confirm this observation (Figure 1B). Epicotyl
elongation was inhibited with 24 hours pre-treatment in 100 mg L124-D, TDZ
or KIN, on the other hand, other growth regulators showed non-inhibitory results
(Figure 2A), while BAP had an intermediary influence on elongation (Figure
3A). It is worth to mention that only average and standard deviations were
performed for FER and FEEE (Figures 1A and 2A), as they did not support
variance homogeneity by Cochran and Bartlett test at 1% probability.

The negative effect of these pre-treatment was accompanied by an
increasing necrosig/browning just in the growth regulator reverse order obtained
for epicotyl elongation (Figures 2A and 2B). Similarly, both 2,4-D concentration
and exposure period enhanced explant necrosis (Figure 4A). The consequences
of high plant growth regulator doses is noticed as some growth regulators led to
necrosis (Figure 3C), whereas TDZ and KIN allowed neither morphogenesis nor
oxidation (Figure 2B).

It is important to note an increasing FEO with pre-treatment period and
growth regulator concentration (Figure 4A). Even though, investigating the
concentration and exposure may result in different responses considering other

pulsing periods, plant growth regulators or its combinations.
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Figure 1 — Influence of growth regulators on adventitious root morphogenesis in
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Eucalyptus grandis plantlets (PL), cotyledon (COT) and hypocotyl
explants (HYP). A — Frequency of explants presenting adventitious
roots, vertical bars correspond to the means per treatment and
vertical lines to respective standard deviation, and B — Average
number of roots per explant. Means followed by the same letter do

not differ significantly (Tukey 5%).
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Figure 2 —

Influence of growth regulators 24 h pre-treatment in E. grandis plantlets
shoot and adventitious root morphogenesis. A — Frequency of explants with
epicotyl elongation (FEEE), B — Frequency of explants with more than 50%
oxidation (FEO), and C — Average number of roots per explant (NRE).
Means followed by the same letter do not differ significantly (Tukey 5%).
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Figure 3 — Effect of 24 h growth regulators pre-treatment in E. grandis plantlets after

30 days on semi-solid regeneration medium. A — Pulsing with 100 mg L™
BAP, B —100 mg L™ KIN, C =100 mg L™ 2,4-D, and D — 100 mg L™ BSSA.
(Bar =1cm)
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Figure 4 — Surface response analysis of the influence of growth regulators concentration (mg L™) and pre-treatment periods (time — hours) in E.

grandis plantlets shoot and adventitious root morphogenesis. A — Frequency of explants with more than 50% of oxidation (FEO), B —

Frequency of explants with epicotyl elongation (FEEE), and C — Average number of roots per explant (NRE). All R? were significant
at 5% probability.
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Albeit higher necrosis compared to other auxins, 2,4-D did stimulated
root hair development (Figure 3C). Epicotyl elongation (Figure 4B) and average
number of roots per explant (Figure 4C) declined with the exposure and 2,4-D
concentration, suggesting morphogenic response dependence on these variables.
ZEA, BAP, TDZ and KIN significantly inhibited rhizogenesis (Figure 2C), even
compared to control treatment. In contrast, BSAA, IBA, 2,4-D, IAA and NAA
significantly stimulated this process (Figure 2C) compared to cytokinin or to the
control treatments. The effect of BSAA is emphasized as it induced a
significatively higher number of adventitious roots (Figures 3D and 2C), even
considering IBA that is the most common auxin used for stimulating rhizogenesis
in Eucalyptus (ASSIS and TEIXEIRA 1998).

Promising reports of this benzoseleniated auxin are highlighted in
stimulating somatic embryogenesis (KEVERS et al. 2000) and rooting (KEVERS
et a. 1999). KEVERS et a. (2000) observed that 5 to 15 days on half-strength
MS liquid medium supplemented with 3 mg L™ BSAA induced more embryosin
Panax ginseng explants than IAA and then longer induction times, irrespective of
the auxin used. On the other hand, 0.24mg L™ BSAA promoted greater rooting
efficiencies as compared to other BSAA concentrations and other plant growth
regulators like IAA and IBA (KEVERS et a. 1999). Even though it was not able
to induce somatic embryos in eucalypt explants in the present treatments,
significant higher number of roots was observed, besides still being amenable of
potential application in eucalypt regeneration protocols. Further studies on the
use of this growth regulator may result in favorable plant hormone ratios to shoot
or embryogenic process.

Eucalypt regeneration protocols display different explants sources as |eaf
(WATT et al. 1991, CID et al. 1999), seedlings (TERMIGNONI et al. 1996),
cotyledon (BANDY OPADHYAY et al. 1999, CID et a. 1999, HARCOURT et
a. 2000, NUGENT et al. 2001), cotyledonary nodes (CID et a. 1999) and
hypocotyls explants (TIBOK et a. 1995, BANDYOPADHYAY et a. 1999,
HARCOURT et a. 2000, NUGENT et a. 2001). Besides examining the hormone
content and relations in the explants, additional investigation on the explant

source may provide other clarifying results as further explants, as calli (KEVERS
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et al. 2000) and root (KEVERS et a. 1999), did also respond to different growth
regulators pulsing treatment. Additionally, direct and indirect embryogenesis was
reported from apical meristems in papaya zygotic embryos (KHOELER 2004)
and in pinus (MALABADI and van STADEN 2003).

This is an interesting approach to eucalypt as meristem disorganization
concomitantly to root differentiation was observed with 2,4-D pulse treatment
(Figure 3C), and because all auxins promoted direct rhizogenesis (Figures 3A,
3C and 3D). Additionally, callogenesis, rhyzogenesis and embryogenesis on
eggplant explants were observed depending only on NAA concentrations and
periods of time onto the inductive medium (GLEDDIE et al. 1983). Thisisin
agreement with the review by Fehér et a. (2002) review, which argued that stress
responses to heavy metal, wounding, high salt and plant hormones concentration
were related to induction of embryogenic competence.

In this respect, Jménez and Bangerth (2001) demonstrated that in
addition to distinct morphogenic responses, higher IAA levelsin carrot hypocotyl
explants declined just after sectioning, it being or not transferred to medium
containing 2,4-D. After this initial decrease, explants cultured in a 2,4-D
containing medium maintained a constant IAA level, whereas an increase was
observed in the third evaluation for the explants cultured in a 2,4-D-free medium.
Although the amount of gibberellins (GAs) in the explants decreased
independently, differences on the abscisic acid and cytokinin levels were
observed whether the presence or absence of 2,4-D.

It is worthy to mention that most eucalypt regeneration reports employed
auxins, 2,4-D and NAA, solely or in combination with other growth regulators,
and that the explants were mostly maintained in induction medium (WATT et al.
1991, TIBOK et a. 1995, BANDYOPADHYAY et a. 1999, NUGENT et al.
2001). In addition to the auxin exogenous stimuli, its endogenous levels also had
significant role on the somatic embryos development (MICHALCZUK et al.
1992, FEHER et al. 2002). This is further consistent with Jiménez and Bangerth
(2001) findings, where, abeit no significant differences for GAs, zeatin and

isopentenil adenine, extremely high differences on IAA and ABA levels among
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embryogenic and non-embryogenic carrot callus and suspension cultures were
detected.

Basic questions on the mechanism of somatic embryo induction are
related to the first cell divison, where embryogenic cells are revealed to be
small, with dense cytoplasm, and preferentially dividing asymmetrically,
developing into embryo-like structures (FEHER et al. 2002). Similar
characteristics were found in eucalypt (WATT et al. 1991). Accordingly, further
approach on growth regulator pre-treatment may help establishing embryo and
shoot regenerating protocols similarly to Guerra et al. (2001) and Cao et al.
(2002). Nevertheless, the present results along with plant physiology
understanding, and to genetic and environmental aspects of plant morphogenesis
shall grant advances to propagation techniques and overcome limitations till
present in eucalypt in vitro tissue culture.
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CAPITULO 4

Apriori CHOICE OF HYBRID PARENTSIN PLANTS
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Resumo

O melhoramento de plantas lida com genétipos de alta producéo. Entretanto,
como melhor escolher os parentais desses gendtipos continua sendo uma questéo
ndo resolvida. Aqui, n6s focamos na escolha a priori baseada nas distancias dos
parentais a partir de informacdes agrondmicas e moleculares. Apesar de
nuUMerosos estudos tedricos e empiricos, a escolha a priori continua sendo um
procedimento controverso. Sucesso e fracasso sdo resultados comuns nesses
relatos. O presente artigo lida com esses resultados ambiguos na tentativa de
investigar suas possiveis causas. Um total de 139 artigos abordando divergéncia
genética foi amostrado para examinar aspectos como 0 tipo e numero de
marcadores utilizados. Nossos resultados sugerem gue 0s respectivos numeros
médios de 160, 281 e 25 para marcadores RAPD e RFLP markers, e locos SSR
registrados na amostra deveriam ser maiores para andlises mais acuradas. Uma
segunda amostra composta por 54 artigos foi utilizada na avaliagcéo da associacéo
divergencia-heterose. A maior parte deles (28) detectaram associacéo
divergencia-heterose positiva, enquanto 26 apresentaram resultados negativos ou
inconclusivos. Algumas causas influenciando positivamente e negativamente a
escolha a priori sdo discutidas.

Palavras chave: escolha a priori de parentais de hibridos, marcadores
morfol ogicos, marcadores moleculares, especies vegetais.

Abstract

Plant breeding deals with high yielding genotypes. However, how best to choose
parents of these genotypes remains an unsolved question. Here, we focus on a
priori choice based on parental distances by means of agronomic and molecular
data. Despite numerous theoretical and empirical studies, a priori choice
continues to be a controversial procedure. Success and failure are common
results in these reports. The present paper deals with these ambiguous results in
order to investigate their possible causes. A total of 139 articles on genetic
divergence were sampled for examining aspects such as type and number of
markers utilized. Our findings suggest that the respective mean number of 160,
281 and 25 for RAPD and RFLP markers, and SSR loci registered in the sample

should be larger for more accurate analysis. A second sample composed by 54
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articles was used for evaluating the divergence-heterosis association. Most of
them (28) detected positive divergence-heterosis association, whereas 26
revealed negative or inconclusive results. Several causes influencing positively
and negatively a priori choice were discussed.

Key words: a priori choice of hybrid parents, morphological markers, molecular
markers, plant species.

Introduction

Plant breeding deals with high yielding genotypes. However, how best
to choose parents of these genotypes remains an unsolved question. Researches
on parent selection may be approached into two ways (Baenziger and Peterson,
1992): a priori and a posteriori choice. The former consists in selection methods
based on per se parent performance such as midparental value, divergence by
means coefficient of parentage, character complementation, multivariate analysis
and parental distances, least squares, parental complementation, and ideal
genotype. On the latter, parents are evaluated on the basis F;, F, data and
advanced generations. For choosing parents by this way, long period of time is
necessary, especially in perennial plants. Here, we focus on a priori choice based
on parental distances by means of agronomic and molecular data. Its predictive
nature prevents hundred crossings be evaluated, whereas only predicted and
promising crosses are made and evaluated, saving labor, financial resources,
materials and time.

The a priori choice is based on the fact of the heterosis to be a relative
measure to two generations - the parental and the progeny. For a given
quantitative trait, the amount of heterosis following a cross between two
populations depends on the square of the difference of gene frequency between
the populations and of the dominance deviations (Falconer, 1989). If the
populations crossed do not differ in gene frequencies there will be no heterosis.
Likewise, loci without dominance cause neither inbreeding depression nor
heterosis. Falconer (1989) argues that: (i) the occurrence of heterosis is
dependent on directional dominance and its absence is not sufficient ground for
concluding that the loci show no dominance; (ii) the amount of heterosis is

something specific to each particular cross; and (iii) for inbred lines, the heterosis

45



Is the sum of the dominance deviations of those loci that have different allelesin
the two lines.

Once the divergence-heterosis association happens in high degree, it is
possible to use of the divergence estimate as a solid criterion for parental
selection and, subsequently, for the synthesis of heterotic hybrids, as argued by
Dias and Resende (2001). The a priori choice was initialy carried out by
morphological descriptors and further reinforced by the molecular markers
outcome, which assumed that the divergence between any two parents expresses
the allelic differences between them. Despite numerous theoretical and empirical
studies, a priori choice continues to be a controversial procedure. Success and
failure are common results in these studies (Dias et al., 2003). The present paper
deals with these ambiguous results in order to investigate its causes.

Materialsand M ethods

Firstly, atotal of 139 articles (Table 1) dealing with genetic divergence
were sampled aiming to investigate the causes of these ambiguous results. In
spite of the limitations and inherent difficulties related to sample, some of the
aspects to be considered in this kind of study, such as type and number of
markers were examined. Subsequently, a second sample was conducted, now
composed by 54 articles (Table 2) involving 21 plant species, aiming to evaluate
the divergence-heterosis association in particul ar.

Results and Discussion

Genetic divergence

Genetic distance estimates were mostly based on morphological,
biochemical (isoenzymes) and molecular markers (RAPD, RFLP, AFLP, SSR
and STS-PCR) (Table 1). Some of the articles did also use pedigree information
(relationship coefficient) separately or in combination with other markers. In
relation to divergence, the use of RAPD (Random Amplified Polymorphic DNA)
markers is emphasized, comprising the largest number of species and reported
papers (Table 1). This observation may be due to the fact that the RAPD
technique (Williams et al., 1990) facilitates automation, and presents low

operational cost, besides its ssimplicity, speed, and good polymorphism level in
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addition to wide genome covering. Such features mitigate its negative properties
like low reproducibility and dominant heritage.

RFLP (Restriction Fragment Length Polymorphism) markers are
frequently used for estimating genetic diversity. These markers are co-dominant,
reliable and with high information content, although demands considerable
amount of good quality DNA, being a laborious technique and often requiring the
use of radioactivity. The use of fluorescence, in spite of radioactivity, well-
equipped and good laboratory staff ensures this system a further advantage.
RFLP has the advantage of allowing the selection of probes that target desirable
DNA sequences associated with yield or resistance traits. Some of the probes
used in the studies that succeeded in associating genetic distance with hybrid
prediction were cDNA clones. These advantages help explain why RFLP is most
commonly employed in research on genetic distance-heterosis associations (see
Table 2).

When compared to other kinds of molecular markers, AFLP is
promising, as it combines the specificity, resolution and sampling power of
enzyme restriction, with the simplicity of PCR polymorphism. Furthermore, the
large number of markers generated with this technique is obvious from Table 2.
However, it presents limited genetic information per locus, and is a dominant
marker, as is RAPD, from which it differs by a need for higher quality DNA and
more protocol steps (Ferreira and Grattapaglia, 1998). On the other hand,
microsatellites or SSR (Simple Sequence Repeats) are the most polymorphic
markers. SSR polymorphism is based on differences in simple repetitive
sequences that are flanked by conserved borders and distributed all over the
genome, making them the most suitable for paternity studies. It is important to
bear in mind that the information content did not differ significantly among
RFLP, AFLP and SSR, as argued by Bohn et a. (1999). For a detailed review of
biochemical and molecular markers see Ferreira and Grattapaglia (1998).

In search of the optimum number of bands, Tivang et a. (1995)
observed that, regardless of the restriction enzyme used, the average of
polymorphic RFLP bands provided an equivalent amount of information,
although 284 to 377 bands were necessary for genetic distance estimates for 37
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maize inbred lines associated with afixed 10% coefficient of variation. Similarly,
Fanizza et al. (1999) evaluated 10 accessions of Vitis vinifera and concluded that
the optimum number of RAPD markers for evaluating genetic divergence was
above 400. The cluster formed with 400 markers did not present distortion
compared to the cluster formed with all polymorphic markers (932 bands), and
the coefficient of variation of the genetic distances was only 5%. Picoli et al.
(2004) obtained similar results in a study of 84 Eucalyptus genotypes. In spite of
limitations that value (~ 400 bands) may have to other gene pools or plant
species, it is a reference that should be taken in account in diversity studies.
Based on these findings, the mean number (160) of markers that we found in our
sample (Table 1) should have been larger.

An analogous effort was made for microsatellites, where 44 primer pairs
were required for a correlation value of 95% and 6.44% stress, comparable to a
standard sample of 57 primer pairs (Moraes, 2003). This suggests that the
respective mean number of 160, 281 and 25 for RAPD and RFLP markers, and
SSR loci that we found in the articles that we examined (Table 1) should be
larger to achieve accurate analysis. The low number of markers seems to be the
major drawback to the use of isoenzymes (Table 1), besides the restricted
coverage of the genome, weak correlation with other markers and possible
environmental influence (Tsegaye et a., 1996). To some extension,
morphological marker suffers these same limitations although phenotype
assessment is essential for evaluating the traits of interest.

Divergence-heterosis association

Noteworthy in the second sample of articles (Table 2), 28 of them
detected positive divergence-heterosis association, whereas 26 revealed negative
or inconclusive results. There are severa reasons that could explain these results.
Besides the deviations of dominance, genotypic divergence and complementation
already reported, additional conditions to the association divergence-heterosis
have been inferred on the basis of simulation studies (Bernardo, 1992): (i)
manipulation of traits of high heritability; (ii) variation of the alelic frequencies
of the parents whithin narrow limits; (iii) that at least 30 to 50% of quantitative
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trait loci (QTL) be linked to the markers; and (iv) that less than 20 to 30% of the
markers be randomly distributed or not linked to QTL.

In the practice, the success of the a priori choice has confirmed that
moderate/high heritability of the traits is decisive (Dias and Resende, 2001; Dias
et a., 2003), as much as marker linkage to QTL (Vencovsky and Rumin, 2000),
according to the items (i) and (iv) above. Nevertheless, this last condition may
only be partially outlined in the species for which linkage maps are unavailable,
where wide genome coverage may imply in a“blind” prediction, according to the
item (iv). Additionally, the parents with maximum relative divergence will not
necessarily originate the more heterotic crossings, in agreement with the item (ii).
For instance, Dias and Resende (2001) and Dias et a. (2003) found larger
frequency of heterotic hybrid and larger magnitude of the heterosis for yield
components in the crosses involving parents of moderate divergence. They
obtained success with a priori choice of hybrid parents, using yield components
aswell as DNA markers (RAPD).

There are many other conditions negatively influencing a priori choice
such as: (i) increased genetic similarity on gene pool due to strong selection
pressure (Barbosa et al., 2003); (ii) lack of linkage between genes controlling the
traits and the markers used (Bernardo, 1992); (iii) differences on the
contributions of the DNA marked regions (Kwon et al., 2002); (iv) the gene pool
of narrow genetic base (Maroof et a., 1997); (v) the lack of linkage
disequilibrium (Charcosset et al., 1991); (vi) epistasis (Boppenmaier et al.,
1992); (vii) high degree of improvement of the gene pool used (Dias et al.,
2003); (viii) and the occurrence of genotype-environment interaction (Dias et al.,
2003). These remarks suggest that divergence and heterosis do not aways
associate linearly. Non-linear relationships support this reasoning, as reveaed by
Sant et al. (1999), afeature that may explain the erratic resultsin many studies.
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Table 1. Number of articles (N), plant species (S) and appraised average number
of markers, loci or probes (n) and range (A) of sampled morphological,

biochemical and molecular markers applied in divergence studies.

Morphological/ Isoenzyme RFLP Microssatellite STS
Agronomic (loci) RAPD (SSR) AFLP PCR
Markers Probes Markers Loci
N 22 19 31 78 22 19 03
S 13 12 12 68 17 16 02
n 14.91 15.11 28141 8545 160.18 101.88 25.08 1294.12 235.67
A 05-34 07-31 47-1202 34-257 27-932 26-211 6-68 55-5094 93-505

50



Table 2. Favorable and unfavorable association of divergence estimates based on morphological and molecular markers with
heterosis in plant species.

Genetic Crop or , . -
Reference distance/M arker species Divergence-heterosis association
Favorable I nconclusive/unfavor able
Ramanujam et al. (1974). Mahalanobis Phaseolus

Theor. Appl. Genet. 45: Positive association of genetic divergence-heterosis

distance/Morphologicd aureus

211-214.

Srivastava and _ i , . .

Arunachalam (1977). Z. Mahalanob!s distance/ Triticale A_ssouatlon d|_vergenceheteross and clustering of
Morphological divergent genetic groups

Pflanz. 78: 269-275.

Arunachalam et a. \\o0ohis distancel

(1984). Euphytica 33: 33—. Morphological Peanut Heterosis associated with moderate parental divergence
39.
Arunachalam and Peanut and
Bandyopadhyay (1984). Mahalanobis distance/ Brassica Positive association for the limits of divergence and
Indian J. Genet. 44: 548- Morphologica campestre heterosis
554. P
Phaseolus
Ghaderi et a. (1984). Mahaanobis distance vulgaris . L .
Crop i, 24: 37-42 /Morphological and Vicia Positive and significant correlations
faba
Shamsuddin (1985). - s N i .
Theor. Appl. Genet. 70: Mahalanob!s distance/ Triticum Posm_ve .and significant association of heterosis and
Morphological genetic divergence
306-308
Frei et al. (1986). Crop , . , , i L Dependence on similar pedigree background with
i 26:37-42 Pedigree/Aloenzymes Zeamays  Yield and pedigree distance positive associations isoenzymes

Prasad and Singh (1986). Mahalanobis distance/

Euphytica 35: 919-024 Morphological Zeamays Heterosis associated with moderate parental divergence

Negative association of genealogical distance and
diversity, significant as well as non-significant
correlations

Cowen and Frey, (1987a). Genealogical distance/ Avena Positive association of genealogical distance and genetic
Euphytica 36: 413-424 Morphological sativa variance
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Reference g;n;ICCG/M arker g:prggg Divergence-heterosis association
Favorable I nconclusive/unfavor able
Cowen and Frey, (1987b) Three types of Avena Inconsistent associations of genetic distance and
Genome 29: 97-106 distance/ _ sativa transgressive segregants, heterosis and genetic
M orphological variance
Lee et a. (1989). Crop Significant correlation of genetic distance with grain
i, 29: 1067-1071 RFLP Zeamays  iod and combining ability
Smith and Smith (1989). Morphological Lack of congruence of estimated kinship and nor-
Mavdica 34: 151-161 /1SOENZVIMES Zea mays accurate correlation between isoenzymes, pedigree
y ] i and heterosis in estimating lineages relationship

: Podtive but smdl correlations of genetic distance with F;
Melchinger et al. (1990). performance, specific combining ability (SCA) and heteross
Theor. Appl. Genet. RFLP Zea mays for vidd and vidd Cons . »
80:488-496 or yield and yield components. Consistent association o

clusters based on genetic distance and pedigree
Smith et al. (1990). Theor. , Higher correlation for RFLP similarity and heterosis and
Appl. Genet. 80: 833-840 Pedigree/RFLP Zeamays grainyield
, . . Estimates not always correlated with production and
gctrdlg? glgl:?(zl; 91). Crop RFLP and isoenzymes Zea mays gg‘g;g&ngﬁ d%f ed?g:ztee”ng analysis based on genetic no relationship of genetic distance and hybrid yield
T was observed

Bernardo (1992). Theor. Simulation iy . . . .
Appl. Genet. 83: 628-634 RFLP study Positive relationship based on simulation data
(81%%%””8?0% i %tz, 89a5I_. RELP Zeamays Consistent association of RFLP-genetic distance Absence of significant correlation of F; performance
902 ' T clustering with pedigree and genetic distance
Melchingher et al. (1992). Moderate, positive and significant correlation of genetic
Theor. Appl. Genet. 84: RFLP Zeamays distance and F, performance. Consensus of cluster
672-681 analysis based on genetic distance and pedigree
Cruzeta. (19_94)' Mahalanobis Zea mays . - . : L
Rev. Ceres 41: 183- 190 distance/Morphologica Positive association divergence-heterosis for grain yield
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Genetic Crop or

Reference Divergence-heterosis association

distance/Marker species
Favorable I nconclusive/unfavor able
Gerdes and Tracy (1994). . Positive correlations between pedigree and RFPL- Morphological markers and isoenzymes clustering
Crop <ci. 34: 26-33 Pedigree/RFLP Zea mays distance clustering. did not agreed with pedigree
Moser and Lee (1994)_' Gengalogmal and Avena Positive association of RFLP genetic variance with Heterosis and genetic variance prediction based on
Theor. Appl. Genet. 87: multivariate sativa genealogical distance RFL P seemed not to be efficient
947-956 distance/RFLP
Marker high significant effects on yield on its
Zhang et al. (1994) Theor. RFLP and Oryza : LT
Appl. Genet, 89: 185192  microsatellites sativa component traits. Heterozygosity significantly correlated

with performance and heterosis

Ali et a. (1995). Theor. Multivariate

Appl. Genet. 91: 118-121 _ distance/Morpholagical Canola Positive and significant correlations

Bar-Hen et al. (1995).

Euphytica 84: 145-154 | soenzymes Zeamays  Positive relationship although dependent on genotype

Hybrid performance correlations with genetic distance

Martin et . (1995). Crop Kinship Triticum and complement of the kinship, showing similar Estimatesdid not predicted hybrid performance

ci. 35: 104-108 coefficient/STS-PCR . S
magnitude and direction
Dl_ers gt a. (1996). Crop RELP Brassica Genetic distance and hybrid yidld correlation Estlmat&s were not consistent in indicating the best
ai. 36: 79-83 napus crossings
Dubreuil et al. (1996). , Significant correlation between pedigree and genetic
Crop Si. 36: 700-799  edigreed/RFLP Zeamays  igance
Baril et a. (1997). Theor. RAPD Eucalyptus Positive association of genetic distance and inter-
Appl. Genet. 94: 796-803 specific hybrid performance

Cernaet a. (1997). Theor.
Appl. Genet. 95: 460-467

Glycine

RFLP and isoenzymes
max

Non-significant relationship

Dias and Kageyama Mahalanobis

(1997). Braz. J. Genet. 20: distancelyield Theobroma Positive relationship between parental distance and yield

63-70 components cacao components in their hybrids
;It?ez)nrs,eb\t aII. (ézag o RAPD Glycine Lack of correlation of kinship coefficient and
- AP T max genetic variance with RAPD genetic distance

20-26
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Reference gztnzicce/M arker ggggg Divergence-heterosis association
Favor able I nconclusive/unfavor able
Kisha et al. (1997). Crop Genealogical distance/ Glycine Positive and negative genetic distance associations
i, 37: 1317-1325 RFLP max with genetic variance in different population groups
Lanzaet a. (1997). Theor.
Appl. Genet. 94: 1023- RAPD Zeamays  Correlation of genetic distance and agronomic traits
1030
(I\iggg)rez—gf\gdwsili et3a7|_' Kinship Glycine Coefficient association with yield and correlation
698-705 P ' " coefficient/RFLP max between coefficient and genetic similarity
Manjarrez-Sandoval et a. . . L . . .
: © Kinship Significant correlation between coefficient and genetic | . . . :
(1997b). Crop Sci. 37: coefficient/REL P Zea mays similarity in heterosis prediction Limited correlation between estimates
1443-1452
Saghal Maroof et al. L L . .
(1997). Crop <ci. 37: 145- RFLPand SSR Oryza Significant genetic d stance correlations with Estimates dependent on germplasm
150 sativa heterozygosity and hybrid performance
Kinship . . .
Burkhamer et al. (1998). t i, Genetic distance estimates were not strong
Crop i 38: 243-248 gﬁﬂgf‘g/ STSPCR Triticum predictors for variance of traits
Charcosset et al. (1998). Isoenzvmes and RELP  Zea mavs Efficient models on prediction of SCA and hybrid
Crop Sci. 38: 38-44 2y Y performance
.?Eg‘r'da;"pgt g'éng99987)_- RAPD and Pennisetum Genetic distance and heterosis correlation mostly
) ' " 77" microssatellite glaucum non-significant
163-169
Fabrizius et a. (1998). Kinship  coefficient/ Triticum Lack of adequate explanation of F, heterosis and
Crop Sci. 38:1108-1112  morphological genetic distance
Garcia et a. (1998). . . Relationship among distance matrixes based on RAPD,
Theor. Appl. Genet. 96: m'gggﬁl)RéSD and %cgmls pedigree and morphological markers. Data suggesting
878-885 pnoiog suitable hybrid performance based on RAPD
. Kinship : . o .
Perenzin et a. (1998). coefficient/RELP and  Triticum Correlation between genetic diversity and hybrid Weak correlation estimates

Euphytica 100: 273-279

RAPD

performance




Genetic Crop or , . -
Reference distance/M arker species Divergence-heterosis association
Favorable Inconclusive/lunfavor able
Tenkouano et al. (1998). Microssatellite and Musa Hybrid performance non-related to similarity
Euphytica 102: 281-288  pedigree pedigree and microssatellite indexes
Bohn et al. (1999). Crop Klnsl_wlp iy Significant genetic similarity and coancestry coefficient Non-significant genetic variance estimated on
i, 39; 228-237 coefficient/AFLP, Triticum correlations genetic similarity
T RFLP and SSR
Joyce et a. (1999). White - : . .
Euphytica 107: 159-165 RAPD clover Genetic distance negatively related with heterosis
Kidwell et a. (1999). Lack of consistent effects of markers on selection
Crop Sci. 39: 223227 RFLP Alfalfa for yield
Sant et a. (1999).. Theor. RAPD and _ o _ _ _
Appl. Genet. 98: 1217- . . Chick-pea Significant non-linear relationship
1995 microsatellite
Pandini et a. (2001). Glvcine Positive heterosis values for most evaluated traits, and
Crop Breed. Appl. Mahalanobis distance ma>:< parental mean and Mahalanobis distance predicting
Biotech. 1: 229-244 hybrid performance
: Phylogeny obtained with RAPD agreed with pedigree
Eﬁreﬁ;ﬁg'a 1851,6"197%%%1)' RADP Zeamays data. Weak, positive and significant correlation between
P ' RAPD genetic distance and yield SCA
Non-significant genetic distance and F; performance
Know et al. (2002a). Plant Pedigree/RAPD and  Oryza - . , , , correlations, with some exceptions. No correlation
Breed. 121: 487-492 SSR sativa Genetic distance clustering agreeing with pedigree data with  heterosis, besides hybrid performance
prediction dependent on germoplasm
Non-significant distance correlation, with few
Know et al. (2002b). Oryza . ) g .
Euphytica 128: 389-396 AFLP safiva exceptl_ons. No correlation of genetic distance with
heterosis was observed
Cluster analysis according to assignment for heterotic
Barbosa et al. (2003). SSR and AFLP Zeamays  groups and significant genetic distance correlation with

Euphytica 130: 87-99

yield
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Genetic Crop or

Reference Divergence-heterosis association

distance/Marker species
Favor able I nconclusive/unfavor able
A[I‘)(IZ:?]S gﬁ;l ' %2?131168;%29 Yield Theobroma  Positive association divergence-heterosis for both yield
' ' 347 T componentsRAPD  cacao components and RAPD markers
Tt;]g(; :jax etlalé(ei%??i)da RELP Sorghum Significant correlation of genetic distance and yield,
- APp- T bicolor athough weak for identifying superior hybrids

559-567, 2003
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CAPITULOS5

OPTIMUM NUMBER OF RAPD MARKERS TO ESTIMATE GENETIC

DIVERSITY IN Eucalyptus grandis AND E. urophylla
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Resumo

Um total de 501 marcadores RAPD foi gerado para uma populacdo de 84
gendtipos de Eucalyptus, dos quais 89,8% foram polimorficos e 10,2% foram
monomorficos. Agrupamentos coerentes baseados nas estimativas de distancia
genética foram obtidos para as espécies. Analises de re-amostragem baseadas no
nimero de marcadores mostraram um numero maior que 393 marcadores RAPD
resultaram em valores de estresse menores que 5%, menores que 5 para soma de
quadrados e maiores que 95% para correlacdo. A diversidade estimada com base
no indice de Shannon foi de 95-96% para E. urophylla e 85-88% para E. grandis.
Considerando esta populagéo, a distancia genética média para cada espécie foi
estati sticamente diferente em nivel de 1% de probabilidade.

Palavras-chave: Algoritmo de Tocher, coeficiente de variagéo, estresse, RAPD,
diversidade genética.

Abstract

A total of 501 RAPD markers were generated for a population consisting of 84
eucalypt genotypes, of which 89.8% were polymorphic and 10.2% were
monomorphic. Coherent genotype clustering based on the estimated genetic
distances was observed for species. Bootstrap analyses based on the number of
RAPD markers revealed 393 or more markers provided values below 5% for
stress, lower than 5 for sum of sguares, and higher than 95% for correlation
statistics. The estimated diversity based on the Shannon index amounted to about
95-96% for E. urophylla and 85-88% for E. grandis. Considering this population,
the average genetic distance for each species was statistically different at 1%
probability.

Key words. Tocher algorithm, coefficient of variation, stress, RAPD, genetic
diversity.
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Introduction

Eucalyptus is an important genus of Myrtaceae used for pulp and paper,
charcoa manufacturing, wood, and essential oil extraction. According to FAO
(2003), pulp for paper represented imports of over 17 billion dollars worldwide.
On this market, Eucalyptus is one of the most important genera for cellulose and
paper industries, besides owing good adaptability and standing at the beginning
of its domestication. These aspects awaken the interest for a better yield, product
quality, and disease and stress resistance.

In this context, knowledge on the genetic diversity in a species is
important for breeding programs and genetic conservation studies. Breeders have
proposed several parameters for estimating genetic relationships among species
lineages in which coefficients are based on pedigree, multivariate quantitative
trait, and molecular analysis (Moser and Lee 1994). Molecular markers such as
isozymes, RAPD, RFLP, AFLP, and SSR have greatly contributed to germplasm
characterization, taxonomic relationships, marker-assisted selection, hybrid
performance prediction, genetic distance estimation, mapping and diversity
management (Kumar 1999, Joshi et al. 1999, Kwon et al. 2002, Barbosa et al.
2003).

Since they were first reported (Williams et a. 1990), RAPDs have been
used in studies involving several species (Dias et a. 2004). They produce
considerable polymorphism besides being faster and less expensive than other
molecular markers (Skabo et al. 1998). Further advantages are the uncomplicated
protocols, lower amount of required DNA, and a wide genome cover. For
Eucalyptus sp., they have been successfully used for several purposes (Keil and
Griffin 1994, Neshitt et al. 1995, Gaiotto et al. 1997, Skabo et a. 1998, Junghans
et a. 2003). However, there is a wide variation in the number of markers used,
from asfew as 23 (Gaiotto et al. 1997) to as many as 415 (Baril et al. 1997).

Thus, the present work aimed to evaluate the importance of the number
of RAPD markers on the genetic distance estimates and genetic diversity in an

eucalypt population.
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Materials and methods

Plant material, DNA extraction, and RAPD reactions

Leaf samples of E. grandis and E. urophylla from 84 different genotypes
from a CENIBRA S/A breeding program were collected and stored at -80 °C.
DNA was extracted from these samples according to Ferreira and Grattapaglia
(1995), diluted to 3 ng pL™, and stored at -20 °C until used for the RAPD
reactions. RAPD reactions were conducted as described by Ferreira and
Grattapaglia (1995) with Operon primers (Operon Technologies Inc), namely
OPA 2, OPA 3, OPA 4, OPA 5, OPB 1, OPB 2, OPB 5, OPB 6, OPB 7, OPB 8§,
OPB 9, OPB 10, OPB 11, OPB 12, OPB 13, OPB 14, OPB 15, OPB 16, OPB 17,
OPB 18, OPC 1, OPC 2, OPC 5, OPC 9, OPD 6, OPD 7, OPD 8, OPD 9, OPE 1,
OPE 2, OPE 3, OPE 4, OPF 1, OPF 2, OPF 3, OPF 5, OPF 9, OPG 3, OPG 4,
OPG 5, OPG 7, OPH 1, OPH 2, OPH 4, OPH 6, OPJ 12, OPJ 13, OPJ 14, OPJ
16, OPJ 18, OPJ 19, OPX 1, OPX 2, OPX 3, OPX 4, OPX 5, OPX 6, OPX 7,
OPX 9, OPX 15, OPAC 8, OPAE 9, and OPAN 19. Each reaction contained 13
m, 0.4 mM primer, 20 ng DNA, 100 mM of each dGTP, dATP, dCTP, dTTP, and
1 Tag DNA polymerase unit. The reactions were poured into 96 wells
polycarbonate plates and cycled in a PTC-100 Thermocycler (MJ Research Inc.).
Electrophoresis was carried out in agarose gel 1.5% in half concentrated TBE
buffer containing 0.3 my L™ ethidium bromide. The images were captured by the
Eagle Eye Stratagene system and saved in JPG format for visual analysis.

Genetic distance estimation

After electrophoresis, the RAPD profiles were scored visually for the
presence or absence of bands. Based on these profiles, the distance matrix using
the estimates of the arithmetic complement for the Nei and Li index was obtained
using the Genes software (Cruz 2001). The population considered in al analyses
was defined by one sub-population of 44 E. urophylla genotypes and one of 40
E. grandis genotypes, which came from 14 and the latter from 10 provenances,
respectively.

Genetic distances were estimated for all genotypes and for one sample of

ten genotypes, the former five from each species, respectively. In this analysis,
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the total number of markers or only the polymorphic markers for both sub-
popul ations were used to estimate the genetic distances and further tested by the
t-test at 1% probability using Ggmol software (Cruz 2003).

Effect of the number of markers on the estimated genetic distance

For the 84 genotypes, two hundred sets of 10 to 500 markers were
randomly selected from the total 501 RAPD markers. In this bootstrap analysis,
the selected markers were always returned to the pool of markers, so that they
could be picked up in the next sample. The genetic distances for all 84 genotypes
were calculated per set of markers. Subsequently, the correlation (C), stress (S),
and sum of sguares (SS) of these estimated distances, in relation to the real
genetic distances, were calculated for each of the 200 samples in each set of
number of markers using Ggmol software. There was generated a total of 98,000
distance matrixes for each C, Sand SS. In all cases, the real genetic distance was
considered to be the distance based on the estimative using the 501 RAPD
markers for each genotype.

Clustering and genetic diversity estimation

A dendrogram based on the unweighted pair-group method using an
arithmetic average (UPGMA) was obtained with Treecon software (van de Peer
1997). Tocher clustering agorithm was performed with Ggmol software.
Graphical dispersion analyses of the coordinates plotting was performed based
on the generated distance matrix in order to search for dispersion and grouping
patterns considering species, as proposed by Cruz and Viana (1994).

The genetic diversity was calculated considering the total number of
markers, the polymorphic markers for the entire population, and only the markers
that were polymorphic for both sub-populations (Table 1). Five indexes of
variation (IV) were employed. Index (IV,) corresponds to the total of
polymorphic bands in the sub-population divided by the total of bands in the E.
urophylla and E. grandis sub-populations, while (IV,) was calculated dividing
the total of polymorphic bands in the sub-populations by the total of bands in the
whole population. Index (IV3) was obtained with the quotient of the total of

polymorphic bands in the sub-populations and the total of polymorphic bands in
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the whole population, and (1V,4) was calculated dividing the number of markers
with frequency differences superior to 50% or absent in one of the populations by
the total of bands in the population. Finally, the Shannon index (Lewontin 1972)
and the percentage of the total diversity estimated based on this index were aso
considered for the sub- and the entire population.

Results and discussion

RAPD profiles resulted in 501 bands (DNA amplified fragments), from
which 450 were polymorphic and 51 monomorphic considering both Eucalyptus
sub-populations (Table 1). One of these bands was exclusive to E. grandis and
other nine were restricted to E. urophylla. When sub-populations were
considered individually, 70 and 92 monomorphic bands were observed for E.
urophylla and E. grandis, respectively. Additionally, 163 markers displayed a
difference of at least 50% for the allele frequency between species or were absent
in one of them.

Successful eucalypt specie and genotype distinction based on RAPD data
was observed in the dendrogram and the graph dispersion (Figures 1 and 2) in
agreement with Keil and Griffin (1994) who had already reported successful
eucalypt genotype characterization using RAPDs. It is worth noting that, besides
being a simple and rapid technique and providing good polymorphism levels and
genome cover, RAPDs are dominant markers and present repeatability
difficulties, consequently displaying lower information content compared to
other markers. For example, co-dominant markers such as microsatellites provide
better individual discrimination, reliability, and a high polymorphism level
(Ferreira and Grattapaglia 1995, Glaubitz et a. 2001, Jones et a. 2002), although
their development has the disadvantage of being more time and cost-demanding.

Despite the comparison of results from different studies may be difficult
because of the type of markers (Powell et al. 1996, Crouch et a. 1999), the
technical protocol (Breyne et al. 1999), and the calculated indexes used (Bussell
et al. 1999), moderate (Sun et al. 2001, Ipek et a. 2003) and high correlations
(Patzak 2001, Raina et al. 2001, Renganayaki et al. 2001, Simioniuc et al. 2002)

were observed for the divergence/similarity matrices based on RAPD and other

62



molecular markers. Additionaly, RAPD is still more frequently used compared
to other markers in studiesinvolving several species (Dias et a. 2004).

In this context, it was hypothesized that the number of sampled
genotypes could influence genetic distance estimates. Table 2 shows that,
regardless of the RAPD markers' polymorphism, the E. urophylla sub-population
had a significantly different mean genetic distance from E. grandis in an 84-
genotype population. However, when the sample size was reduced to 10
genotypes (5 E. grandis and 5 E. urophylla) the genetic distance was no longer
significant between the sub-populations by the t-test at 1% probability. It must be
considered that, due to sampling, this result may be valid only for these
genotypes in particular. Nevertheless, alack of correlation was observed between
the population size and genetic variability in certain eucalypt species (Rosseto et
al. 1999).

The effect of the number of markers was also investigated based on the
bootstrap analysis of RAPD band random samples. The analysis of the estimated
genetic distances showed that less than 10, 5, and 1% for stress statistics were
obtained, respectively, with 71, 338, and 472 bands, considering all 200 samples
for each number of markers (Figure 3A). Similarly, correlations of 0.90 and 0.95
were detected with 317 and 393 markers (Figure 3B), respectively, while sum of
squares values below 10 were observed for 183 and below 5 for 368 markers
(Figure 3C). Interestingly, an analogous number of markers was established in
other approaches using a variation coefficient of 5% (Tivang et al. 1994, Fanizza
et al. 1999).

The average of 160 RAPD markers used in genetic distance estimation
studies (Dias et a. 2004) together with the present results suggest an adjustment
in the number of markers used in order to obtain more accurate and affordable
estimates. It is also observed that a number between 350 and 400 markers would
provide sound genetic distance estimates, even when considering different
species and markers. Nevertheless, other features may aso affect this aspect,
such as the level of primer polymorphism. Fanizza et a. (1999) found a
correlation of 0.89 and 0.90 with 462 and 470 bands with primers with more than
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6 and less than 5 bands per primer, respectively. Otherwise, the correlation
declined with a higher or lower level of polymorphism, athough this result might
be associated with the number of markers used as well.

Fanizza et al. (1999) argued that identical profiles did not add further
information to the variety discrimination and that their inclusion might affect the
computation of the genetic distances. Although reasoning that only polymorphic
bands will not alter dendrograms and grouping (data not shown), the use of
monomorphic bands would provide more accurate genetic distance estimates.
The importance of this observation is noticed as estimated genetic distances are
used for hybrid performance prediction, supported by reports of possible non-
linear relation between divergence/heterosis (Fabrizius et al. 1998, Sant et al.
1999).

Considering that 393 RAPD markers lead to stress statistics of less than
5%, and good values of sum of squares and correlation, this amount was used for
Tocher grouping, which displayed consistent clustering with the dendrogram and
where E. urophylla and E. grandis species were separated (Figure 1, Table 3).
According to this analysis, 12 to 21 groups were detected, where two major
groups containing E. urophylla or E. grandis genotypes were formed in
agreement with the original grouping based on the genetic distances estimated
with 501 RADP markers. The other groups comprised a smaller number of
individuals, mostly composed of one genotype, but always respecting the species
assortment. Though rearrangements were observed even in the Tocher grouping
consisting of 12 sets, they were coherent with the species grouping of 12 clusters
obtained from the original distances (Table 3). This had been expected since
similarity assessment does not obligatorily correspond to morphological
resemblance, given that genetic distance based on RAPD is a relative measure
and an approach where geographically distant individuals may display similar
estimates (Sale et al. 1996, Skabo et al. 1998, Rossetto et a. 1999).

Assuming that marker frequency and polymorphism in the sub-
populations and in the entire population enclose information on genetic

population diversity, some indexes were used to evaluate E. grandis and E.
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urophylla diversity. It is observed that although similar to E. grandis, E.
urophylla displayed higher diversity values (Table 1). Diversity indexes (1V4),
(1V5), (IV3), and (1V,) increased as the monomorphic bands were discarded for
the whole population and subsequently the sub-populations. This may represent
some inconvenience, as monomorphic bands are not always considered in this
approach. This may be circumvented with the Shannon index, which in spite of
decreasing with the same approach remained almost unaltered in its relative
proportion of the estimated diversity within the sub-populations. In addition to
the number of markers, the Shannon index considered the allele frequency, and
when the entire population was used as reference, the sub-population proportion
of diversity was less affected compared to the other indexes.

On the other hand, (IV,) diversity index (Table 1) indicated that there are
markers either restricted to one sub-population or with a great frequency
difference between each other. Similar information was found for the subspecies
E. globulus, where 63.8% of the scored RAPD bands differed significantly in
frequency between sub-species cores and sites (Neshitt et a. 1995).

The present results highlight the importance of the number of markers and
its polymorphism for saving time and resources in studies involving genetic
distance estimates. This is especially true since this approach is based on
experimental data of highly polymorphic species such as eucalypt, besides
reinforcing the usefulness of RAPD markers for eucalypt breeding programs.
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Table 1 - Number of polymorphic and monomorphic RAPD bands and diversity indexes, (IV,) to (1V,) and Shannon index, considering
monomorphic and polymorphic bands, polymorphic markers considering the entire Eucalyptus population, and polymorphic

markers considering both Eucal yptus sub-popul ations

Total of RAPD markers (polymor phic and monomor phic)

Diversity
Number of Monomorphic Polymorphic  Allele frequency Shannon  percentage of
Genotypes bands bands differing loci* Tod — (Ive) (V2 (V) (IV4) Index Shannon
index
E. urophylla 44 70 430 . 500 860 858 956 - 10012 96
E. grandis 40 92 400 - 492 813 798 889 - 88.73 85
Total pop. 84 51 450 163 501 - 89.8 - 325 10452
Polymor phic marker s considering the entire Eucalyptus population
Diversity
Number of Monomorphic Polymorphic  Allele frequency Shannon  percentage of
Genotypes bands bands differing loci Tod (V) (IV2) (V) (IV4) Index Shannon
index
E. urophylla 19 430 . 449 958 956 956 - 10012 96
E. grandis 40 41 400 - 441 90.7 889 889 - 88.73 85
Tota pop. 84 0 450 163 450 - 100.0 - 36.2 104.52
Polymor phic markers considering both Eucalyptus sub-populations
Diversity
Number of Monomorphic Polymorphic  Allele frequency Shannon  percentage of
Genotypes bands bands differing loci Tod (V) (IV2) (V) (IV4) Index Shannon
index
E. urophylla a4 0 330 : 380 100 100 100 -  9L97 95
E. grandis 40 0 380 - 380 100 100 100 - 85.54 88
Tota pop. 84 0 380 143 380 - 100 - 37.6 96.85

* loci that presented over 50% variation considering in the relationship of the allele frequencies of Eucalyptus populations (Fe, urophyiia/ Fe. grandis), OF @bsent in one of the populations.
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Table 2 - Average genetic distance of E. grandis and E. urophylla sub-

popul ations
84-genotype population  10-genotype population
E.urophylla E.grandis E.urophylla E.grandis
(1) Polymorphic and monomorphic markers 22.57a 19.18b 20.37a 19.57a
(2) Only polymorphic markers 30.96a 27.96b 24.29a 23.76a

Considering the total 501 polymorphic and monomorphic RAPD markers (1), and the
markers that were polymorphic for the sub-populations only (2). Numbers followed by
the same letter in the same line and population do not differ statistically by the t-test at
the 1% probability level

67



0.3 0.2 0.1

8 E. urophylla

L
[
w

45 E. grandis

¥ | E. urophylla

Figure 1 - UPGMA dendrogram of 84 E. grandis and E. urophylla genotypes
with genetic distances estimated by the arithmetic complement of Nel

and Li index
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Figure 2 - Coordinate plotting associated with the estimated RAPD genetic
distances according to E. urophylla and E. grandis genotypes. X and
Y correspond to the coordinates. Correlation between original and
estimated distances = 0.5984, and distortion = 64.7%
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Figure 3 - Bootstrap analysis. Plot of al of the 200 bootstrap analyses evaluating
the effect of the number of markers on the genetic distance matrices for

A: stress statistical; B: correlation and C: sum of squares.
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Table 3 - Tocher grouping based on genetic distances estimated from RAPD markers randomly chosen. A: Original Tocher grouping based

on 501 RAPD markers, B thru H: Tocher groupings based on 393 randomly chosen RAPD markers and presenting equal number

of groups.
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CONCLUSOES GERAIS

Os resultados obtidos nos permitem obter as seguintes conclusoes.

a bactéria presente nos tecidos do gendtipo hibrido de Eucalyptus grandis
vs. E. smithii foi identificada como Herbaspirillum hutiense (Leifson)
Ding e Y okota;

os antibidticos amicacina, cefotaxima, estreptomicing, gentamicina,
canamicina, netilmicina, nitrofurantoina, penicilina, sulfazotrina,
sulfadiazina, sulfonamida e tobramicina formaram halos de inibic&o nos
testes qualitativos,

0s antibioticos estreptomicina, canamicina e sulfadiazina tiveram efeito
bacteriostético sobre H. huttiense;

carbenicilina e timentin favoreceram a caogénese em explantes
cotiledonares e de hipocotilo de E. grandis em concentracfes de até 600
mg L™

cefotaxima favoreceu a calogénese em explantes cotiledonares e de
hipocétilo de E. grandis em concentragdes de até 300 mg L™, a partir da
qual aumentou-se a freqiiéncia de necrose dos explantes,

BSAA, AlA, AIB, ANA e 2,4-D aumentaram, enquanto TDZ, ZEA, BAP
e KIN inibiram a rizogénese adventicia quando os explantes foram

submetidos a tratamentos de pulsos de 100 mg L™ por 24 horas;
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o alongamento do epicotilo e média de niUmero de raizes foram reduzidos,
enquanto a necrose dos explantes de E. grandis aumentou, com o
aumento do tempo de exposicéo e da concentragdo de 2,4-D;

as distancias genéticas estimadas com base em marcadores RAPD foram
eficientes na separacdo das especies de E. grandis e E. urophylla;

nas estimativas de distancia genética de Eucalyptus com base em
marcadores RAPD, um nimero igual ou superior a 393 marcas deve ser
utilizado de acordo com as estatisticas de estresse, correlacdo e soma de
quadrados,

a sub-populacéo de E. urophylla foi mais divergente que ade E. grandis;

a diversidade genética estimada pelo indice de Shannon foi a menos

alterada quando os marcadores monomorficos foram considerados nas

andlises.
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