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ARTIGOS GERAIS E DE REVISAO

BROTERIA GENETICA, Lisboa, XIII (LXXX), 141-148, 1992

AS NOVAS TENDENCIAS DO MELHORAMENTO GENETICO

1992

DE PLANTAS NA DECADA DE 90

por
FRANCISCO BAGULHO

Estacio Nacional de Melhoramento de Plantas
Apartado 6, 7351 Elvas Codex, Portugal

SUMARIO

Complexos e diversificados problemas apresentam-se a agricultura moder-
na, pelo que a obtencio de variedades melhoradas terd um papel cada vez
mais importante.

O melhoramento convencional estd a encontrar nas novas tecnologias for-
tes estimulos em diferentes dreas de actuaciao.

Factores bidticos e abidticos criam novas situacoes ao melhoramento de
plantas que terd também de atender as situagoes de polui¢io do ambiente.

A agricultura sustentivel ou alternativa surge como um novo e significa-
tivo conceito susceptivel de proporcionar elevados beneficios futuros.

Culturas niio alimentares trazem muitas hipéteses ao melhoramento gené-
tico ¢ favorecem a introdugiio de tecnologias avancadas.

ABSTRACT

Modern agriculture is facing a significant number of diverse and complex
problems to which plant breeding has to be prepared to respond. The con-
ventional methods will be still nuclear for the purpose, in a permanent basis.
However, the recent upsurge of the so-called new technologies appear to make
them promising tools for the future. The power and the magnitude of their
intervention will be as increasingly important as Genetics and Cell and Mole-
cular Biology of Plants mostly develop and turn out to become practicable in
important food crops such as cereals and pulse legumes among others.

Biotic and abiotic stresses to crop plants bring different kinds of problems
and special attention will be required to those in which environmental pollu-
tion is concerned.

Sustainable agriculture appears to be a new and defensable concept worth
of being extensively tried in order to obtain better ecological returns of the agri-
cultural systems and lower costs for the products.

Also promising perspectives to plant breeding may be offered by indus-
trially exploited non-alimentary crops. Such plants favour the extensive deve-
lopment of advanced technologies.
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INTRODUCAO

A actual agricultura produtivista assenta em técnicas culturais que levam
ao crescente consumo de ‘inputs’ de origem industrial (méaquinas, adubos, pesti-
cidas), com fortes gastos energéticos, o que se traduz em custos importantes.
Tais custos representam significativos encargos de natureza financeira e trazem
acrescidos desequilibrios ecolégicos causados pela poluigio.

O melhorador de plantas vé-se, assim, confrontado com complexos e diver-
sificados problemas, onde, para além da necessidade de aumentar a produtivi-
dade e melhorar a qualidade, tem de atender-se também a conservagdo do am-
biente, a reducdo dos consumos energéticos e a diminui¢do dos custos de pro-
dugao.

Estes parametros constituirdo importantes e significativos condicionantes
do melhoramento genético do future, sendo susceptiveis de assumir influéncia
decisiva nas metodologias e nos objectivos da investigacdo.

Sera sobre as caracteristicas bioldgicas da planta que incidira a pesada res-
ponsabilidade de satisfazer grande parte das necessidades dominantes na agri-
cultura das préximas geragoes. O impacto das variedades melhoradas manifes-
ta-se cada vez mais decisivo, ndo sé porque constituem o factor de produgdo
mais barato, mas também porque terdo um papel com crescente relevancia no
aumento das produgdes ¢ na qualidade dos produtos obtidos.

Podera questionar-se a referéncia a produtividade como um objectivo essen-
cial no momento em que o problema dos excedentes agricolas constitui uma
forte preocupacdo dos paises industrializados. Porém, ¢ importante recordar
que, como sempre tem sucedido, cedo ou tarde estes excedentes vdo desaparecer
e de novo o aumento dos rendimentos de produtos essenciais voltard a constituir
uma meta preferencial (EDWARDS, 1987; EVANS, 1987).

Independentemente das graves caréncias alimentares hoje existentes em mui-
tas regides, as projec¢des apontam para necessidades extremamente avultadas de
cereais, horticolas e frutas nas primeiras décadas do século XXI, quando 8
bilides de pessoas povoarem a Terra (SWAMINTHAN, 1990).

AS NOVAS TECNOLOGIAS

O progresso do melheramento de plantas esta a encontrar na biotecnologia
estimulantes possibilidades para a obten¢dc de variagdo genética e para a maior
precisdo e rapidez nos métodos de selec¢io (MUJEEB-KAZI and SICH, 1989).

Novas combinages de genes podem conseguir-se através de cruzamentos
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entre espécies afastadas («wide crosses»), fusao de protoplastos, variagdao soma-
clonal e transformacdo genética, constituindo instrumentos que podem ser de
extrema utilidade para o melhorador. No entanto, embora em rapida evolugao,
ndo estdao ainda disponiveis para tedos os tipos de plantas.

Como exemplo das vantagens dos cruzamentos afastados pode salientar-se
0 sucesso que o triticale esta a ter entre nés. Fruto da hibridacao entre espécies
de géneros diferentes, o trigo e o centeio, a sua expansio tem crescido de forma
notoria nos udltimos anos, devido ao excelente comportamento em solos mar-
ginais.

Na realidade, o triticale ¢ a primeira espécie sintetizada artificialmente
pelo homem e o rapido sucesso do seu melhoramento tem contribuido para o
tornar competitivo com outros cereais ha milénios utilizados pelo homem. Em
Portugal revela-se como uma cultura extremamente prometedora, rivalizando
com os cereais tradicionais nos diversos ambientes (COUTINHO et al., 1990) e
despertando muito interesse aos agricultores.

Ainda derivados de cruzamentos envolvendo trigo e centeio, referem-se as
promissoras variedades de trigo portadoras da transloca¢cio 1B/IR com alto
potencial de produgdo e elevada resisténcia as ferrugens, podendo salientar-se
que algumas cultivares com estas caracteristicas ja se encontram bastante divul-
gadas no Pais.

Das contribui¢des mais importantes que a ciéncia moderna tem trazido ao
melhoramento de plantas, com enormes potencialidades de maior impacto no
futuro, salienta-se a alta eficacia das técnicas de seleccio (ARNOLD, 1987).
Destacamos os resultados das técnicas electroforéticas de andlise das subunidades
de proteinas, como formas mais aperfeigoadas de selec¢do que facilitam grande-
mente o trabalho dos melhoradores, permitindo identificar subunidades de pro-
teina apenas a partir de uma parte do grao. Toda esta investiga¢do tem ampliado
o conhecimento dos factores genéticos que regulam a qualidade e da sua tradu-
¢ido em factores bioquimicos. Ao mesmo tempo, tem contribuido para aprofun-
dar o estudo das proteinas ¢ da sua correlacao com o potencial tecnolégico dos
gendbtipos.

O estudo da qualidade, através de métodos avancados, assume hoje impor-
tincia primordial, porque representa a possibilidade de conduzir a valorizagdo
varietal pela avalia¢do rapida e simples. Esta nova metodologia ¢ particularmen-
te benéfica quando se procura a divulgacdao de materiais com alto interesse tec-
nolégico.

Ao mesmo tempo, em diversos programas procura-se melhorar a qualidade
nutritiva de algumas plantas, merecendo realce os esfor¢os que se dedicam aos
cereais. Em particular, no caso do milho, os genétipos portadores do gene
Opaco 2 recebem uma atencdo especial, por apresentarem valores elevados de
fracgdes proteicas mais ricas em aminoacidos essenciais, que manifestam com-
provados ganhos em valor alimentar.
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Também o estudo das proteinas da cevada tem conseguido despertar o in-
teresse da ciéncia moderna, conhecendo-se o mecanismo genético que controla
o alto teor em lisina e os genes [ys tém sido incorporados em variedades com
acentuado interesse agricola. Porém, como em relagio ao gene Opaco 2 do
milho, verifica-se que a presenca dos genes lys esta correlacionada com baixo
interesse agronomico, o que traz reflexos negativos a expressao da produtivi-
dade, e continua a ser um obstaculo ao progresso do melhoramento da qua-
lidade.

Em termos de futuro, procuram-se especialmente adoptar processos para
reduzir o tempo de obteng¢do de novas variedades, através sobretudo da produ-
cao de duplo-haploides. A elimina¢dc de algumas geragbes segregantes, com
testes incidindo sobre material homozigético, conduzira a um tipo de seleccdo
mais rapida e mais eficiente (KNOTT, 1986).

Da mesma forma, torna-se indispensavel empregar as novas tecnologias no
melhoramento da resisténcia a doengas e pragas. A identificagdo ¢ combinagao
de multiplos genes de resisténcia trara grandes vantagens a estabilidade das pro-
dugdes e evitard o recurso a utilizacdo sistematica de pesticidas, sempre dispen-
diosos e potencialmente responsaveis por situagdes de polui¢do ambiental.

RESPONSABILIDADE DO MELHORAMENTO CONVENCIONAL

O avango da biotecnologia na década de 90 irda seguramente trazer elevadas
vantagens para o melhoramento genético. Contudo, ndao podemos negligenciar
as areas mais convencionais da investigacdo no melhoramento de plantas, visto
que elas representam hoje a principal linha de defesa da producdo de alimentos
(BORLAUG, 1983). A biotecnologia vai complementar e facilitar os esforgos
do melhoramento convencional, mas ndao o pode substituir na avalia¢do dos geno-
tipos no campo. Uma variedade destinada a agricultura estard sempre depen-
dente da interac¢do genétipo x ambiente (EDWARDS, 1987), pelo que a experi-
mentagdo plurilocal e plurianual se revela decisiva para a sua divulga¢do. De
igual modo, os novos métodos ndo conseguem realizar milagres, embora ofere-
¢am maior precisao. Técnicas como a fusdo de protoplastos e a transferéncia
de genes necessitam, porém, dos melhoradores para desenvolver cultivares evo-
luidas (MAC KEY, 1991).

Normalmente incluido no melhoramento classico, o aproveitamento da hete-
rosis, que tantos beneficios tem proporcionado as plantas alogdmicas, comega a
encontrar solu¢des para aplicagdo a espécies autogiamicas. Grandes esforcos
estdo a realizar-se neste campo, embora problemas varios tenham impedido o
sucesso comercial desejado para alguns cereais, onde o trigo apresenta limitagoes
ainda ndo totalmente ultrapassadas. Esta linha de trabalho é pois mais um ins-
trumento que se vislumbra 1til para o futuro do melhoramento de diversas
plantas.

144 VOL. XIIT



INFLUENCIA DOS FACTORES ABIOTICOS

Apesar do constante progresso que se tem verificado, novas situagdes criam
continuos desafios ao melhoramento de plantas. A ideia dominante de que pro-
fundas alteragoes de natureza climatica estdao a afectar a Terra impde estudos
visando a seleccdo de combinagoes genéticas com resisténcias especificas a
‘stresses’ abiotiocs. Nesta conformidade, procuram-se investigar mecanismos
que controlem a resisténcia a secura, ao calor e ao frio, bem como a polui¢do
do ar e aos altos niveis de CO,, de molde a conseguirem isolar-se genétipos
portadores de tais caracteristicas.

Paralelamente, reconhece-se que outros problemas estdo a ser agravados,
como, por exemplo, os causadores da crescente fitoxicidade mineral que se obser-
va em solos salinos e em solos acidos.

Tais ‘stresses’ conduzem a necessidade de se realizarem estudos profundos
de fisiologia, no sentido do melhor conhecimento do processo. Por outro lado,
sao definidas novas estratégias de melhoramento, com o recurso a modernas
técnicas de ‘screening’, para identificar os gendtipos resistentes. O conhecimento
de fontes de resisténcia permite a adop¢do de convenientes esquemas de melho-
ramento, para introduzir os mecanismos controladores da toxicidade em mate-
riais com elevado interesse agrondmico.

Parece importante referir o significado que assumem as colecgdes de ger-
moplasma, onde espécies selvagens ou variedades indigenas podem servir como
dadores de genes indispensdveis para ultrapassar alguns obstaculos. Por isso,
sdo de maior oportunidade os esforgos que incidem sobre colheita, conservagio
¢ caracterizagdo de recursos genéticos, constituidos por variedades antigas das
principais plantas cultivadas, bem como espécies afins. Este germoplasma, cada
vez mais raro, pode constituir distintas fontes de genes extremamente tteis para
transferir genes favoraveis para novas cultivares, dotando-as de resisténcia aos
diversos tipos de ‘stress” que contemplam muitas situagées agroecolégicas.

Também a utilizacdo destes materiais encontrard um precioso auxilio nas
novas tecnologias, facilitando os cruzamentos e os vérios critérios de selec¢do
e permitindo um maior rigor na localiza¢do de genes de resisténcia e no isola-
mento de genétipos portadores de caracteres valiosos. E, ndo podemos esquecer
que a aplicacdo de métodos de cultura in vitro é essencial para a conservagdo
de varias espécies.

AGRICULTURA SUSTENTAVEL
O termo agricultura sustentavel, duravel ou alternativa (tradugdo de «sus-

tainable agriculture») significa um vasto conjunto de opg¢des subordinadas ao
objectivo determinante de permitir o uso mais eficiente dos recursos existentes,
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para que os ganhos a curto prazo nao sejam realizados hipotecando o futuro.
Nesta perspectiva, defende-se a necessidade de empregar métodos que contri-
buam para parar a continua degrada¢do do ambiente. Consideraveis esforgos
vdo fazer-se para reunir técnicas tradicionais com outras de vanguarda, de molde
a permitirem a combinacdo das forcas ecologicas com as econémicas (SWAMI-
NATHAN, 1990).

O elevado consumo de energia fossil, fornecido principalmente através de
produtos quimicos, como fertilizantes e pesticidas, vai por certo ser reduzido.
Ndo s6 porque os precos dos produtos agricolas vdao baixar, como também por-
que a constante degradagdo do ambiente estd a impor medidas especiais para
salvaguardar a qualidade de vida. Nestas condicdes, as caracteristicas das plan-
tas assumem um papel fundamental, dada a enorme diversidade de aplicacoes
e a sua flexibilidade para sofrer variacdo genética ¢ se adaptarem a diversos
ambientes. Novas culturas e melhores variedades vdao proporcionar ao homem
alternativas mais favoraveis e contribuir para que a agricultura esteja menos
sujeita a ‘inputs’ externos.

A contribui¢do da ciéncia moderna para dar corpo a este novo conceito
pode ser vasta a diversificada. Desde a obtenc@o de variedades melhoradas pela
resisténcia aos parasitas, passando pela utilizacao de cultivares com maior capa-
cidade de absor¢do de elementos minerais, sem esquecer a introdugdo de espécies
fixadoras do azoto atmosférico, muitas sdo as potencialidades de aperfei¢oa-
mento dentro do mundo vegetal. Também o uso de formas biologicas de fixa-
¢do do azoto em gramineas cria fortes expectativas de reduzir o consumo de
fertilizantes industriais. Bactérias do solo prometem favorecer associagdes com
gramineas, com efeitos benéficos para o seu desenvolvimento, constituindo pro
missoras e aliciantes linhas de investigacdo (GALLI, et al. 1988; GIANNONE
et al. 1988; KNOTT, 1986; NUTI et al. 1988).

CULTURAS NAO ALIMENTARES

O actual problema dos excedentes vai contribuir para diversificar os siste-
mas agricolas ¢ levard a ocupacdo de terras com culturas ndo alimentares. Maté-
rias primas para novas industrias transformadoras ou para a produgio de ener-
gias renovéveis, sdo alternativas que come¢am a ser encaradas com boas hip6-
teses.

Interessantes oportunidades para o fabrico de novos materiais e a extraccio
de produtos quimicos a partir das plantas, como, por exemplo, fibras artificiais,
polimeros, colas, gelatinas, cosméticos e outros, surgem como realidades muito
préximas (ZANDERIGHI, 1988). Processos biotecnoldgicos estdo a ser adopta-
dos para descobrir melhores formas de utilizagdo de produtos derivados dos
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vegetais, aproveitando assim a tremenda variagdo natural. Através de processos
avancados, torna-se ainda possivel a produgdo de microorganismos e plantas que
podem ser geneticamente modificados para permitir a sua adaptagdo a fins
industriais, o que obriga a inovar certos sectores da quimica, e conduziu a ja
denominada quimica verde (ZANDERIGHI, 1988).

Uma das maiores expectativas criou-se a volta do emprego das plantas na
obten¢do de combustiveis liquidos, actuando como fontes de energia renovavel.
O sucesso do gaséleo verde no Brasil, conseguido a partir da cana de agucar,
nunca foi generalizado, porém surgem informacdes animadoras dos Estados
Unidos que apontam as boas possibilidades de transformagido da biomassa em
combustiveis. Hibridos de arvores perenes, de crescimento réapido, requerendo
poucos ‘inputs’, estdo a ser desenvolvidos, prevendo-se que com o sucesso da
aplicacdo da moderna biologia a cultura possa ser estendida e, ao mesmo tempo,
o prego da sua conversao em etanol venha a tornar-se competitivo (ABELSON,
1991).

A produgido de fibras vegetais ¢ outro caminho que se pode abrir. Novas
culturas estdo em vias de apresentar perspectivas favoraveis e a sua expansao
ird conduzir a selec¢do de variedades capazes de satisfazerem indices de quali-
dade determinados por exigentes padrées industriais. Naturalmente que tam-
bém neste dominio sdo de admitir inovacoes para facilitar e acelerar o melhora-
mento de espécies em que ainvestigagdo, mesmo agronémica, tem estado
esquecida.

IMPACTO DO MELHORAMENTO LOCAL

Verifica-se que o actual melhoramento de plantas se encaminha no sentido
de se transformar numa industria muito agressiva, caracterizando-se por forte
competitividade aos mais diversos niveis de intervencdo. As respostas rapidas as
mudancas constantes dos mercados e as suas exigéncias prometem trazer subs-
tanciais vantagens aos melhoradores, em que a definicdo de objectivos particula-
res pede assumir cardcter prioritario.

Uma das consequéncias desta mentalidade traduz-se na crescente importan-
cia dos programas de melhoramento local, subordinados a fins especificos. Os
conceitos de ampla adaptagdo tendem a ser subvalorizados por outros de adapta-
¢io mais restrita, de certo modo relacionados com os requisitos da industria
transformadora e com as caracteristicas agroecolégicas de cada regido.

O melhoramento local torna-se nio so indispensavel para aspectos relativos
a4 qualidade, como contempla a introduc@o de resisténcia aos parasitas prevale-
centes, como ainda serve para atender exigéncias de natureza abidtica causadas
por situacdes ambientais de caracter limitado.
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As transformagdes que se podem prever para a agricultura dos anos 90
desenham, assim, um relevo significativo para o melhoramento genético local,
em que a selecgdo terd de satisfazer objectivos especificos, e onde as vantagens
de aplicagdo das altas tecnologias tendem a projectar-se como importantes dina-
mizadores de progresso.
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ARTIGOS DE INVESTIGACAO

BROTERIA (_}ENETICA, Lisboa, XIIT (LXXX), 149-159, 1992

GENES FOR L-ARABINOSE UTILIZATION
IN BACILLUS SUBTILIS

HELENA PAVEIA * and LUfS ARCHER f
Laboratério de Genética Molecular, Instituto Gulbenkian de Ciéncia, Apartado 14,
2781 Oeiras Codex, Portugal

ABSTRACT

The biochemical characterization of a collection of Bacillus subtilis mutants,
unable to use L-arabinose as sole carbon source, was performed by determining
the activities of L-arabinose degradation enzymes and/or the intermediate pro-
ducts accumulated. This characterization enabled the identification of four ara
genes: the three structural genes, araA, araB and araD, coding, respectively,
for L-arabinose isomerase, L-ribulokinase and L-ribulose-5-phosphate 4-epime-
rase, and a regulatory gene, araC.

RESUMO

A caracterizacdo bioquimica de uma coleccao de mutantes de Bacillus subti-
lis, incapazes de utilizar a L-arabinose como tinica fonte de carbono, foi efectua-
da por determinacio da actividade das enzimas de degradagido daquela pentose
e/ou por identificagio dos produtos intermédios acumulados. Essa caracteriza-
¢iio permitiu a identificacio de quatro genes ara: os trés genes estruturais,
araA, araB e araD, que codificam, respectivamente, a isomerase da L-arabinose,
a L-ribulocinase e a epimerase-4 do fosfato-5 da L-ribulose, ¢ um gene regula-
dor, araC.

INTRODUCTION

The pathway of L-arabinose in Bacillus subtilis (Fig. 1) was described (Lepe-
sant & Dedonder, 1967). Ara strains deficient in either one of three enzymes

* Departamento de Biologia Vegetal, Faculdade de Ciéncias da Universidade de Lisboa,
Campo Grande, Ed. C2, 1700 Lisboa, Portugal.
_ T Laboratério de Genética Molecular, Faculdade de Ciéncias ¢ Tecnologia da Univer-
sidade Nova de Lisboa, 2825 Monte da Caparica, Portugal.

1992 149



vOL. X1

L-arabinose L-ribulokinase L-ribulose-5-phosphate
L-arabinose ~e—— L-ribulosc ——— L-ribulosc -5-P -¢———————— D-xylulose - 5 - P—# PPP
isomerase ATP 4-epimerase

Fig. 1— The L-arabinose Pathway in B. subtilis. PPP: Pentose Phosphate Pathway
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involved in the sugar utilization were characterized as well as constitutive mu-
tants for all three enzymes (Lepesant & Dedonder, 1967 a.).

Some years ago we isolated ten Ara~mutants. The corresponding ara muta-
tions were made isogenic by congression and then mapped by PBSI transduction.
These ara mutations were located in three different regions, far apart, on the
B. subtilis chromosome (Paveia & Archer, 1980). Subsequently, another ten
Ara-mutants were isolated, which carry era mutations mapping within two of
the regions defined before. The biochemical and genetic analysis, by PBSI trans-
duction, of this set of twenty Ara~strains showed that the three structural genes
for L-arabinose utilization map together, while a regulatory ara gene lies in
another site (H. Paveia, PhD Thesis, University of Lisbon, Portugal, 1987).
Mutants with a constitutive phenotype, whose ara mutations are in the same
region as the regulatory ara gene, were also isolated (Sa-Nogueira er al., 1988).
Recently, two recombinant plasmids from a B. subtilis library were found which
complement the ara mutations of some of our Ara~mutants and those of Esche-
richia coli equivalent strains (Sa-Nogueira & Lencastre, 1989).

In the present paper we report the identification of the four ara genes,
using a set of simple methods that allow a preliminary screening of Ara~mutants.
The results were further confirmed by determinations of enzyme activity and/or
of intermediate products accumulated.

MATERIALS

Strains. B. subtilis strains are listed in Table 1.

Media. The mineral medium used was 'C (Pascal er al., 1971) either liquid
or solidified with 1.5% agar. Carbon sources were added to a final concentra-
tion of 0.1 %, unless otherwise stated, and nutritional requirements to a final
concentration of 20pg/ml

METHODS

With the minor modifications indicated below, the methods used were
previously described: growth experiments and determination of the amount of
ketosugar accumulated in the cultures (Englesberg, 1961: Englesberg er al.,
1962): sensitivity to L-arabinose (Englesberg es al., 1962), and to ribitiol in the
presence of L-arabinose (Katz, 1970): preparation of cell-free extracts by sonic
disruption (Neuhard et ol., 1978): induction of strains non sensitive and sensitive
to L-arabinose (Englesberg, 1961: Englesberg et al., 1962); isolation of L-ribulose
from induced cells (Englesberg, 1961) using 0.4M borate buffer at pH8.0 as sus-
pension medium: isolation of L-ribulose-5-phosphate (Englesberg ef al., 1962)
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TABLE 1
B. SUBTILIS STRAINS

Strain Genolype Orlgin
BR151 metBI0 lys3 trpC2 F. E. Young
1GCg701 metBI10 lys3 aral H. Paveia
1GCg702 metBI10 lys5 ara2 »
1GCg703 metB10 lys3 ara3 -
1GCg704 metB10 lys3 ara4 »
1GCg705 metB10 lys3 ara5 »
1GCg707 metBI10 lys3 ara7 »
1GCg708 metBI0 lys3 ara8 »
1GCg711 metB10 lys3 arall »
1GCg712 metBI10 lys3 aral2 »
1GCg713 metBI10 lys3 aral3 »
1GCg714 metB10 lys3 aral4 »
I1GCg715 metB10 lys3 aral5 »
1GCg716 metB10 lys3 aral6 »
1GCg717 metB10 lys5 aral7 »
1GCg720 metB10 lys3 ara20 »
1GCg722 metB10 lys3 ara22 »
1GCg724 metB10 lys3 ara24 »
1GCg726 metB10 lys3 ara26 »
1GCg727 metB10 lys3 ara27 »
1GCg730 metBI0 lys3 ara30 »

from extracts of induced cells resuspended in 0.5 9% the initial volume in Tris/
/HCI-EDTA buffer (Neuhard er al., 1978); pentose analysis by the Orcinol Test
(Ashwell, 1952) and the Cystein-Carbazole Test (Dische & Borenfreund, 1951);
separation of arabinose from ribulose by ascendant paper chromatography
(Cohen, 1953) and development of chromatographs (Englesberg, 1960) using a
0.5 % alkaline solution of triphenyletrazolium in methanol (Sigma) as indicator
spray; dephosphorylation of sugarphosphates (Anderson & Wood, 1962) using 6
units of acid phosphatase (Sigma) for 3uM of sugarphosphate; determination of
L-arabinose isomerase activity (Schleif & Wensink, 1981), L-ribulokinase acti-
vity (Mortlock & Wood, 1966) and protein content (Lowry ef al., 1951) in cell-
-free extracts.

RESULTS
The Ara~phenotype is operationally defined here as inhability to grow on C

minimal medium supplemented with 0.1 % L-arabinose, the sugar concentration
used for the isolation of Ara~mutants (Paveia & Archer, 1980). Most of our
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Ara-strains kept such growth inability at high sugar concentrations. However,
strains 1GCg702, 705, 711, 713, 715, 720, 722, 726 and 730 reached a degree of
development similar to the Ara* control (BR151) when the concentration of
sugar was 2 %, and showed different degrees of development when it was 0.5
or 1 %. We will refer to them as conditional Ara ~ or cryptic Ara * strains.

Preliminary classification of some Ara~ mutants was successfully obtained
by using the criteria indicated on Table 2. Data are presented in Fig. 2 and
Table 3.
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Fig. 2— Growth of Ara— mutants (1GCg704, 707, 708, 716 and 724) and of the Arat

control (BR151) in C medium with 0.1 % casein hidrolysate in the presence (%) and absen-

ce (@) of 0.2 % L-arabinose. ll — amount of ketopentose accumulated in the cultures after
5 hours incubation
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IGCg708, 717 and 727 are slightly inhibited by L-arabinose and sensitive to
ribitol in the presence of L-arabinose; a mutation in the ara4 gene was there-
fore assigned to them. IGCg703, 707, 712 and 714 are also moderately inhibited
by L-arabinose but are resistant to ribiiol and accumulate large amounts of
ketosugar; these results are suggestive of a defective araB gene. 1GCg701 and
704 are resistant both to L-arabinose and to ribitol and do not accumulate keto-
sugar; they were presumed to carry an altered araC gene. Finally, IGCg724 is
severely inhibited by L-arabinose, suggesting a mutation in araD gene. When
streaked on L-arabinose/ casein hydrolysate plates the growth of this strain is
inhibited and resistant colonies appear, which still exhibit Ara— phenotype becau-
se they posses a second mutation in one of the other ara genes (data not shown).
The same happens when the medium contains 0.1 % of cither maltose, glucitol,
fructose or trehalose substituting for casein hydrolysate. Nevertheless, only slight
inhibition was observed when the additional carbon source was glucose or gly-
cerol, a fact possibly related to catabolite repression by these two sugars, as
suggested earlier (Lepesant & Dedonder, 1967).

The remaining strains, however, could not be unambiguously assigned by the
criteria proposed in Table 2. The growth of IGCg716 is inhibited by L-arabinose.
Notwithstanding, in liquid medium containing casein hidrolysate its development
is not inhibited if the sugar is added to exponentially growing cultures with an
0O.D. equal to 0.1 or higher (data not shown), a behaviour different from that
of IGCg724. Unlike this strain and the other Ara~— mutants, the growth of
IGCg716 is also inhibited in D-xylose (1 %)/casein hidrolysate plates.

TABLE 2
PRELIMINARY CRITERIA FOR CLASSIFICATION OF ARA-MUTANTS

L-arabinose Ribitol Accumulation Gene presumably
resistance® resistance® of ketosugare® affectedt

+ = - araA

+ o + araB

+ + -_— araC

N nd - araD

a. growth poorly or not inhibited (+=resistance) vs. severely inhibited (—=sensitivity)
both in solid and liquid C medium containing, respectively, 1 % and 0.1 % casein hidro-
lysate, 0.1 % and 0.2 % L-arabinose.

b. resistance (+) vs. sensivity (=), as described in a., in solid C medium with 1 % casein
hidrolysate, 1 % ribitol and 0.1 % L-arabinose; nd = not defined by this test.

c. cultures growing in liquid C medium with 0.1 % casein hidrolysate and 0.2 % L-arabi-
nose showing highly positive (+) vs. weak or no (—) Cystein-Carbazole reaction.

d. as in E. coli (Englesberg, 1961; Englesberg et al, 1962) the genes that code for L-arabinose
isomerase, L-ribulokinase and L-ribulose-5-phosphate 4-epimerase are named, respectively,
araA, araB and araD; the regulatory gene is named araC.
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As for the conditional Ara— mutants, they are not inhibited by L-arabinose;
in fact, some of them show an even heavier growth when the sugar is present
(Table 3). Definite sensivity to ribitol in the presence of L-arabinose was only
observed when the concentration of the sugar was 2 Y.

Identification of the ketosugar accumulated by an araB mutant. The keto-
sugar accumulated by 1GCg707 was isolated as a thick yellowish syrup. The

TABLE 3

EFFECT OF L-ARABINOSE ON THE GROWTH OF ARA-MUTANTS, AMOUNT OF
KETOPENTOSE ACCUMULATED IN THE CULTURES AND RIBITOL RESISTANCE

Inhibition uM ketopentose Growth with ribitol

Stralng Indext"! per ml of cultures' an L-arabinose®
1GCg716 +22.0 0.17 nd
1GCg724 +2 0.21 nd
1GCg703 +:1.7 0.28 +
1GCg707 13 0.70 +
1GCg712 + 6.2 0.58 +
1GCg714 + 6.5 0.52 +
1GCg708 + 7.2 0.08 -
1GCg717 + 39 0.06 T
1GCg727 + 6.2 0.07 o
1GCg701 - 03 0.07 =+
1GCg702 = Q5 0.05 + /-
1GCg704 + 0.7 0.10 +
1GCg705 — 0.1 0.05 +/—
IGCg711 - 20 0.03 4
1GCg713 — 09 0.05 =
1GCg715 =7 0.06 + =
1GCg720 + 0.1 0.05 +/—
1GCg722 = g2 0.04 +/-
1GCg726 - 0.8 0.04 + /-
1GCg730 + 0.3 0.07 +/—
BR151 —35.2 0.04 =

a. strains are grouped according to the similarity of inhibition indexes and to the amount
of ketopentose accumulated.

b. Inhibition Index = OD X 100 in 0.1 % casein hidrolysate medium minus OD X 100 in
0.2 9% L-arabinose, 0.1 % casein hidrolysate medium.

c¢. after 5hours incubation of cultures.

d. average of several independent experiments.

e. normal (+), poor (+/—) and no (—) growth after 24hours incubation in 1 % ribitol,
0.1 % L-arabinose, 1 % casein hidrolysate plates; nd = not defined by this test.
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absorption spectrum of the substance in the Cystein-Carbazole Test (data not
shown) showed a peak at 540nm and the time required for full colour develop-
ment was 15 min., a characteristic of ribulose; in this test arabinose is much less
reactive (Cohen, 1953). As judged by the Cystein-Carbazole reaction, 86 % of the
L-arabinose employed was converted to ribulose.

The absorption spectrum in the Orcinol Test (data not shown) showed two
peaks, the smaller at 540 nm and the larger at 670 nm; the ratio O.D.5;/O.D.s50=
= 0.62 indicates contamination by L-arabinose. By ascendant chromatography
two spots appeared, the first with Rf = 0.18 and the second with Rf = 0.33 cor-
responding respectively to arabinose and ribulose (Cohen, 1953). Ribulose extrac-
ted from spots with Rf = 0.33 had an O.D.:;,/0.D.;; = 0.79, a normal value for
ribulose (Anderson & Wood, 1962; Simpson et al., 1958).

Identification of the ketosugarphosphate accumulated by an areD mutant.
Cell-free extracts of IGCg724 contained a substance with a positive reaction in
the Cystein-Carbazole Test that required, approximately, 7 hours for full colour
development as pentosephosphates do. The absorption spectrum of this substance
in the Orcinol reaction, before and after dephosphorylation (data not shown),
corresponded to the profile indicative of ribulose-5-phosphate (Simpson er al.,
1958): one peak (O.D.5) and two peaks (O.D.sy, and O.D.q), respectively. The
product of dephosphorylation had a positive reaction in the Cystein—Carbazole
test requiring only 15 min for colour development as characteristic of ribulose.

L-arabinose isomerase and L-ribulekinase activities of Ara~ mutants. The
results shown in Table 4 are in agreement with the patterns of growth and with
the results of accumulated intermediate products described above.

Altogether the evidence indicates that: i) mutants with isomerase but no
kinase activity (IGCg703, 707, 712, 714) are resistant to L-arabinose and to
ribitol and accumulate L-ribulose; ii) those with kinase but no isomerase activity
(IGCg708, 717, 727) are L-arabinose resistant, ribitol sensitive and do not accu-
mulate ketosugar (we must emphasize that on the assay for estimation of ribulo-
kinase activity we used ribulose produced with strain IGCg707 and that no kinase
activity was detected in strain IGC708 when D-ribulose was used instead); iii)
the ones with poor or no activity of both enzymes (IGCg701, 704) are L-arabi-
nose and ribitol resistant and no ketosugar is accumulated; iv) finally, 1GCg724,
which is L-arabinose sensitive and accumulates L-ribulose-5-phosphate, has both
isomerase and kinase activity and, therefore, is concluded to lack epimerase
activity.

In the cryptic Ara* mutants isomerase and kinase increases with the concen-
tration of L-arabinose used for induction, and presumably, the same happens
with epimerase activity. This could explain why these mutants grow on minimal
medium with L-arabinose as sole source of carbon only at high concentrations
of the sugar. The level of activity of both enzymes in IGCg716 is similar to that
obtained for 1GCg724.
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TABLE 4

L-ARABINOSE ISOMERASE AND L-RIBULOKINASE ACTIVITIES OF ARA-MUTANTS

FM L-ribulose h-'mg prot-! uM 1-ribulose-5-P h-'mg prot-!
produced by cells induced" produced by cells induced®
Strains® with L-arabinose at: with L-arabinose at:
0.4 % 2% 0.4 % 2%
1GCg716¢ 20.4 nd 10.9 nd
1GCgT24¢ 10.5 nd 7.2 nd
1GCg705 0.6 0.5 < 0.05 < 0.05
1GCg707 148.0 110.0 < 0.05 < 005
1GCg712 65.0 61.0 < 0.05 < 0.05
1GCg714 89.0 36.8 < 0.05 < 0.05
1GCg708 < 0.05 < 0.05 27.0 24.0
1GCg717 < 0.05 < 0.05 11.4 10.3
1GCg727 < 0.05 < 0.05 12.0 9.0
1GCg701 15 24 09 1.8
1GCg702 14.7 409 7.3 11.4
1GCg704 < 0.05 < 0.05 < 0.05 < 0.05
1GCg705 5.1 15.6 5.5 8.5
1GCg711 7.7 16.3 25 6.0
1GCg713 23 12.3 12 7.2
1GCg715 5.6 46.6 6.4 11.3
1GCg720 5.8 39.0 6.0 14.7
1GCg722 74 343 55 10.2
1GCg726 9.1 235 4.2 9.2
1GCg730 13.2 46.2 74 11.0
BRI151 51.0 58.0 10.0 143

a. see Table 3.

b. grown for 16h in liquid C medium containing 1 % casein hidrolysate and L-arabinose at
the concentrations indicated.

¢. sensitive stains were grown without sugar for the same period and further incubated for
another 3h with L-arabinose.

nd. not determined.

DISCUSSION

The described results allow the following conclusions: i) Strains IGCg708,
717 and 727 have a mutation in the arad gene, which codes for L-arabinose
isomerase. ii) Strains IGCg703, 707, 712 and 714 carry a mutation in the araB
gene, which codes for L-ribulokinase. iii) Strain IGCg724 has a mutation in the
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araD gene that codes for L-ribulose-5-phosphate 4-epimerase. These conclusions
are confirmed by the pattern of complementation of cloned B. subtilis ara genes
with E. coli Ara— strains (Sa-Nogueira & Lencastre, 1989). The three structural
genes map together (H. Paveia, PhD Thesis, University of Lisbon, Portugal,
1987) in the order araA, araB, araD (Sa-Nogueira & Lencastre, 1989), and are
believed to be organized in an operon. iv) Strains IGCg701 and 704 carry a
pleiotropic mutation in the regulatory gene araC; mutations conferring a consti-
tutive phenotype for L- arabinose utilization map in the same chromosome region
where araC was found to be located (Sa-Nogueira er al., 1988): this probably
means that they are mutations of this gene.

The remaining ten Ara~ strains are not yet fully characterized. The condi-
tional Ara— mutants have functional ara4 and araB genes and must also have
a functional araD gene: other studies are necessary in order to decide whether
they are transport mutants, regulatory ones (note that their mutations have a
similar location to those used to define araC), or else, The mutation carried by
IGCg716 maps in a third region of the B. subtilis chromosome; it confers a pleio-
tropic phenotype - sensitivity both to L-arabinose and to D-xylose — that is
suggestive of a deffect in a gene coding for one of the enzymes of the Pentose
Phosphate Pathway. Nevertheless, the data obtained so far are insufficient to
identify the exact gene altered in this strain.
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ABSTRACT

Twenty ara mutations that confer an Ara— phenotype in Bacillus subtilis were mapped
by PBS1 transduction. Eleven of these mutations, including two identified as belonging to
the regulatory araC gene, are located between cysA and smo. A group of eight mutations in
the structural genes, three in araA, four in araB and one in araD, lie between phoP and
leuA; the twentieth ara mutation maps near the thyA gene.

RESUMO

Vinte mutacoes que conferem fendtipo Ara— a Bacillus subtilis foram localizadas por
transducio com o fago PBSI. Onze destas mutagdes, incluindo duas que afectam o gene
regulador araC, situam-se entre o gene cysA e a marca smo. Um grupo de oito mutagoes
nos genes estruturais, trés em araA, quatro em araB e uma em araD, localiza-se entre os
genes phoP e leuA; a vigésima mutagdo ara encontra-se préximo do gene thyA.

INTRODUCTION

The isolation of ten Bacillus subtilis Ara— mutants, unable to grow on
minimal medium supplemented with 0.1 % L-arabinose, and the mapping of the
corresponding ara mutations were reported earlier (Paveia & Archer, 1980).
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Five of these mutations were found to be localized between cysA and hisA,
four in the region aroG-leuA and one cotransduced with glr4 and presumably,
thyA.

Subsequently, another set of ten Ara~ mutants were isolated, whose ara
mutations are located either in the first or in the second regions mentioned
above. This note relates the mapping of such mutations by PBSI1 transduction
and complements previously published data (Paveia & Archer, 1980).

The biochemical characterization of the Ara~— mutants, reported elsewhere
(Paveia & Archer, accompanying paper), allowed the identification of the affec-
ted gene in nine out of the twenty strains studied. Therefore, the location of the
four ara genes identified so far — the structural genes, araA, araB and araD and
a regulatory gene, araC — was determined.

MATERIALS

Strains. The B. subtilis strains used are listed in Table 1. Phage PBSI was
a gift from C. Anagnostopoulos.

TABLE 1

Bacillus subtilis strains

BDI111 thr cysB3 smo trpC2 C. Anagnostopoulos
QB936 leuA8 aro G932 aldAl trpC2 R. A. Dedonder
QB943 pyrD1 ilvAl thyAl thyB1 trpC2 »

1GCg301 hisAl cysB3 smo trpC2 H. Paveia
1GCg302 aroG932 argAll aldl trpC2 »
1GCg303 leuA8 argAll aldl phoP8 trpC2 »

1GCg701 metB10 lys3 araCl »

1GCg702 metB10 lys3 ara2 »

1GCg703 metB10 lys3 araB3 »

1GCg704 metBI10 lys3 araC4 »

1GCg705 metBI10 lys3 ara5 »

1GCg707 metB10 lys3 araB7 »

1GCg708 metB10 lys3 araA8 »

1GCg711 metB10 lys3 arall »

1GCg712 metB10 lys3 araB12 »

1GCg713 metBI0 lys3 aral3 »

1GCg714 metB10 lys3 araB14 »

1GCg715 metB10 lys3 aral5 »

1GCg716 metB10 lys3 aral6 »

1GCg717 metBI0 lys3 araAl7 »

1GCg720 metB10 lys3 ara20 »

1GCg722 metB10 lys3 ara22 »

1GCg724 metBI10 lys3 araD24 »

1GCg726 metB10 lys3 ara26 »

1GCg727 metB10 lys3 araA27 »

1GCg730 metB10 lys3 ara30 »
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Media. The media were: SPI (Anagnostopoulos & Spizizen, 1961) with
0.1 % glucose for the selection of recombinants; C (Pascal er al., 1971) with
0.1 % L-arabinose to screen the Ara* and Ara~ colonies; LP (Yamane & Ma-
ruo, 1987; —, 1978a.) for growth of Pho* and Pho~ colonies; and Brain Heart
Infusion (Difco) added with 0.5% Yeast Extract (Difco) for the development
of cultures for transduction. The nutritional requeriments were added to the
minimal media to a final concentration of 20ug/ml except thymine and uracil
(50.g /ml)

METHODS

The methods used in this study were described: transduction analysis with
phage PBSI (Paveia & Archer, 1989), identification of Pho* and Pho— colonies
with p-nitrophenylphosphate (Le Hégarat & Anagnostopoulos, 1969) and of
ThyA* ThyB~, ThyA~ ThyB* colonies in medium containing trimethoprim
(Neuhard et al., 1978). Smo* and Smo~ colonies were distinguished in SP1 with
glucose supplemented with 50ug/ml of glutamate.

RESULTS AND DISCUSSION

Using Ara~ strains as donors, and 1GCg301 or QB936 as recipients, we
found that six ara mutations (araCl, aral3, 20, 22, 26 and 30) cotransduced
with cys4 and hisA in the same way as araC4 and four other ara mutations
already mapped (ara2, 5, 11 and 15); the remaining four (araAl7, araA27,
araB12 and araD24) cotransferred with aroG and leuA and, therefore, they are
in the same region of another four mutations previously studied (araA48, araB3,
araB7 and araBl4).

Three- and four-factor transduction crosses using as donors Ara— strains,
which carry ara mutations located in the first region, and as recipients, BD111
and 1GCg301, revealed the order: thr cysB ara smo hisA (Table 2). Similar expe-
riments involving as donors Ara~ strains that carry ara mutations in the second
region and as recipients strains 1GCg302 and IGCg303 showed the order: aroG
argA phoP ara leuA (Table 3).

The distances expressed in the maps of Fig. 1 were determined by two-fac-
tor crosses. As the percent of recombination between the ara mutations and the
other markers were similar (data not shown), we used the mean values for the
construction of these maps.

IGCg716 carries the only ara mutation that maps in a third region, near
the terminus of the B. subtilis chromosome. As stated before (Paveia & Archer,
1980), we obtained Thy+ Ara~ cotransductants when using IGCg716 as donor
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TABLE 2

THREE - AND FOUR-FACTOR TRANSDUCTION CROSSES INVOLVING araC4, hisAl,
thrs, smo AND cysB3

Relevant genotype of: Recombinants

Recipient Donor Selection Classes N.
thr5 cysB3 smo araC4 Thr+ Thr+CystArat 21
ThrtCys+ Ara— 19

Thr+Cys—Ara*t 60

Thr+Cys—Ara— 0

CystSmo* CystSmo*ThrtAra® 0

Cys*Smo*ThrtAra— 5

Cys*Smo*Thr—Ara* 1

Cys*Smo+Thr—Ara— 94

Cys*Smo— CystSmo~ThrtAra*t 39

Cys*Smo~Thr+Ara— 37

CystSmo~Thr—Ara* 1

Cys*Smo~Thr~Ara~— 23

hisA1 cysB3 araC4 His™ His*Cys*Ara*t 0
His*Cys*Ara— 26

HistCys—Ara*t 20

His*Cys—Ara— 54

Cys+ Cys+HistAra+t 0

CystHistAra— 15

CystHis—Arat 56

CystHis—Ara— 29

Strains BD111 and IGCg301 were used as recipients and 1GCg704 as donor. The order
implied by these results is: thr5 — cysB3 — araC4 — smo — hisAl. Similar results were
obtained when the donor strain carried either araCI or ara 2, 5, 11, 13, 15 20, 22, 26, and 30.

and QB943 as recipient. On the basis of our finding that the mutation of
IGCg716, aral6, did not cotransfer with ilvA, which lies near the thyB gene, we
assumed that the high frequency of Ara~ colonies among Thy* transductants
was due to its cotransduction with the thy4 gene. We confirmed this assumption
by first separating ThyA* ThyB~ from ThyA~ ThyB+ colonies and then scree-
ning for the Ara~ phenotype. The percent of recombination between aral6 and
thyA was found to be 17. Mutation aral6 cotransduces with the gltA maker
too, the percent of recombination between them being 92 (Paveia & Archer,
1980). The order of aral6, gltA and thyA was not determined.
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TABLE 3

THREE - AND FOUR-FACTOR CROSSES INVOLVING araB7, aroG932, argAll, phoP8

AND leuAS8
Relevant genotype of: Recombinants

Recipient Donor Selection Classes N.
aroG932 argAll araB7 Aro*t ArotArgtArat 28
ArotArg*Ara~ 7

ArotArg—Ara® 135

ArotArg—Ara~ 0

Argt ArgtArotArat 64

ArgtArotAra” 79

ArgtAro—Arat 17

ArgtAro—Ara~ 40

leuA8 argAll phoP8 araB7 Leut LeutArg+Arat 3
LeutArgtAra~ 64

LeutArg—Ara*t 94

Leu™Arg—Ara~ 39

Argt ArgtLeutPhotAra* >

ArgtLeutPhotAra~ 38

ArgtLeutPho~Ara* 2

ArgtLeutPho~Ara~ 0

Arg*Leu—PhotAra™ 20

ArgtLeu—PhotAra— 40

ArgtLeu—Pho~Ara*t 32

ArgtLeu—Pho—Ara— 0

IGCg302 and 1GCg303 were used as recipients and 1GCg707 as donor. The order aroG932
—argAll — phoP8 — araB7 — leuA8 was inferred from these results. Similar results were
obtained when the donor strain carried other mutations either in araB gene or in the
araA and araD genes.

Attempts were also made to use the Ara~ mutants as recipients but the
results (data not shown) were not in good agreement with the ones obtained
in the reciprocal crosses. The lack of agreement derived from an excess of wild
type phenotypes over defficient phenotypes for the unselected markers when
the primary selection was for Ara* colonies. This may be due to a slow growth
of Ara* transductants carrying deficiencies which would not enable them to
reach visible colony size. Nevertheless we think that the twenty ara mutations
studied may be helpful on mapping experiments provided that Ara* is not used
for primary selection.

1992 165




d. 2,5, 41, 13, 15
120, 22,126,30 I

ara

1,4
;'_J

thr 5 cysB 3 araC smo hisA 1
*
23

————————

38 e

-‘
< 69

Y

64

\

83

93 -

2t
araD

wiufild 14 4

araB

8,17,27
OiTped
aroG 932 argAll  phoP 8 araA leuA 8
m

5
40
- 34 63 i
= 3 38
-~ 62 s
- 70 )

Fig. 1 — Location of the regulatory gene araC, and other ara mutations (a.). and of the
structural genes araA, araB and araD (b.) in the B. subtilis chromosome. Distances are
expressed as percent of recombination (100-percent of cotransduction). The arrows point
the unselected makers.
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ABSTRACT

The effect of heterozigosity of the resistance genes SH, and SH,SH; in plants of Coffeq
arabica when inoculated with the same avirulent culture of Hemileia vastatrix was histolo-
gically studied. In the coffee tree 128/2 (SH,SH,) the fungus ceased its growth mainly
on the first stages of infection giving rise to a reaction of complete resistance (f/f). However,
in coffee 128/2 (SH, sh,) and in coffee H 168/8 ((849/1 X 128/2) — SH , X SH,), both with
SH, heterozygous, besides the aborted infections (many of them corresponding to fIf), others
evolved and produced chloroses which sporulated giving rise to an incomplete type of
resistance. Of the plants bearing genes SH,SH, only H 454/43 ((849/1 X 110/5) —SH, X
X SH,SH,), where genes SH, and SH, are both in the heterozygous condition, presented a
mixture of resistance (flf) and susceptibility rcactions. Callose and lignin were compounds
detected in the reactions of resistance.

RESUMO

Estudou-se histologicamente o efeito da heterozigocidade dos genes de resisténcia SH,
e SH,SH; de plantas de Coffea arabica, quando inoculadas com a mesma cultura avirulenta
de Hemileia vastatrix. No cafeeiro 128/2 (SH,SH,) o fungo cessou o seu crescimento predo-
minantemente nas primeiras fases da infec¢@o originando uma reaccio de resisténcia completa
(fl). Porém, em 128/1 (SH;sh,) ¢ em H 168/8 ((849/1 X 128/2) — SH, X SH,), ambos com
SH, heterozigéticos, a par de infecgdes abortadas (muitas das quais corresponderam a flf)
outras evoluiram originando cloroses que em geral esporularam, ou seja, observou-se resis-
téncia incompleta. Das plantas portadoras dos genes SH,SH, somente em H 454/43 ((849/1 X

This research is part of the senio.r author’s M Sc dissertation (Instituto Superior de
Agronomia — Universidade Técnica de Lisboa).
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X 110/5) —SH , X SH;SHy), onde para além do genec SH, também SH; se apresenta em
heterozigotia, se observou uma mistura de reacgdes de resisténcia (f/f) e de susceptibilidade.
A calose e a lenhina foram os compostos detectados nas reac¢des de resisténcia.

INTRODUCTION

The host-pathogen interaction produces generally a response that is the
result of the interaction between the genotypes of the host and of the pathogen
and is also dependent upon the existing environment before and after the infec-
tion (ROWELL, 1984). The gene-for-gene relationship of FLOR (1955), accor-
ding to which for each gene conditioning the resistance in the host there is a
gene conditioning the virulence in the pathogen, applies among others to the
Coffea spp — Hemileia vastatrix Berk and Br. interactions (NORONHA-WAG-
NER and BETTENCOURT, 1967). This relationship is very often simplified
and applied only to the homozygous genotypes of the host and the pathogen, by
assuming in general that the resistance genes are dominant and the virulence
genes are recessive (ROELFS, 1988). This supposition is generally accepted in
the coffee-rust interaction but ESKES (1983) admits the possibility that the
genes for resistance and the genes for avirulence may not be completely domi-
nant. The importance of the heterozigosity of the host is stressed by DICK
and SAMBORSKI (1968), ROELFS and McVEY (1979), ROELFS (1988) and
ISLAM et al. (1989) who indicate that plants heterozygous for a given resistance
gene are sometimes less resistant than the plants which are homozygous for the
same gene and that the genetic background might have a significant effect on
the response of the infection type.

In the present work it was histologically studied the response to the same
avirulent culture of H. vastatrix of two groups of plants of Coffea arabica
L. bearing respectively the genes for resistance SH; and SH,SH;. The objective
of the study was to know what was the influence of the heterozigosity of the
referred genes on the expression of resistance. Simultaneously it was studied the
case of a coffee plant in which those genes were in the recessive stage, being the
plant susceptible for that reason. The histologic studies considered both the
development of the fungus and the eventual modifications observed on the host.

MATERIAL AND METHODS
Coffee plants and coffee rust

The coffee plants used (Table I) were maintained in the greenhouse condi-
tions. The rust uredospores used belonged to culture 1427 of H. vastatrix from
Kenya, considered as physiologic race Il and bearing as such the virulence
gene Vs.
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TABLE 1

PHYSIOLOGIC GROUPS, ORIGIN AND GENES FOR RESISTANCE (HOMO OR
HETEROZYGOUS) OF THE DIFFERENT PLANTS UNDER STUDY

PhYslogc  oriin g
849/1 — Matari B Ethiopia SH,
128/2 — Dilla & Alghe a » SH, (homoz.)
128/1 » » @ » SH, (heroz.)
H 168/8 = (849/1 X 128/2) a — SH, X SH,
110/5 — S4 Agaro ] Ethiopia SH,SH; (homoz.)
H 454/43 = (849/1 X 110/5) J e SH? X SH,,SHS
H 310/2 = (19/1 — Caturra X 110/5) J -— SH; X SH,SH,

Inoculation and incubation

Young and adult leaves were inoculated according to the technique descri-
bed by D’OLIVEIRA (1954-57) and D’OLIVEIRA and RODRIGUES (1961) by
using 0.25 mg uredospores per leaf.

Fungus growth and host colonization

Cross sections of infected leaf fragments were made with a freezing micro-
tome, stained and mounted with cotton blue in lactophenol, following the techni-
que described by RIJO and RODRIGUES (1978).

The fungus growth was evaluated in the cross sections of the leaves of each
coffee plant under study. For this purpose a micrometic eye-piece was used to
measure in each infection the length of all the hyphae which constituted the
mycelial mass. Simultaneously, the number of haustoria present was counted. In
order to obtain the mean value of these parameters, 30 infections per plant were
considered as a minimum in each day of observation. These evaluations were
made from the third day after inoculation onwards, which is the time where
differences in mycelial growth start to be observed between the compatible and
the incompatible coffee-rust combinations (RIJO and RODRIGUES, 1978).
These measurements were made up to the ninth day after inoculation because
in the coffee plants which behaved as susceptible (genes for resistance in the
recessive stage) the mycelial development became difficult to single out the
infections.

When the symptoms corresponded to resistance reactions (particularly flecks
with tumefactions-flr) the following phases of the infection process in which the
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fungus ceased growth were analysed: Appressorium (phase 1), penetration hypha
(phase 2), anchor (phase 3) and post-anchor (phase 4). For statistical purposes
100 infections were observed in each host.

Cytological tests:
Aniline blue fluorescence test

Cross sections of the infected fragments were placed in phosphate buffer
(K,HPO,) 0.07 M, pH 8.9, during 10 minutes, and then removed to a 0.0l %
solution of aniline blue on the same buffer for about 10-15 minutes after which
they were mounted in the same solution (RIJO and VASCONCELOS, 1984).
Callose deposits were identified by their yellow brilliant fluorescence (ESCRICH
and CURRIER, 1964).

Autofluorescence

Cross sections of fresh tissue fragments were mounted in water or phosphate
buffer (K,HPO,) 0.07 M, pH 8.9, and observed under the fluorescence micros-
copy. Lignin-like compounds were detected by its autofluorescence.

Phloroglucinol-HCl test

This test for lignin was applied to cross sections of fresh coffee leaves as
previously described in the coffee-rust interaction (TIBURZY et al., 1983; RIJO
and VASCONCELOS 1984; MARTINS e al., 1985), following the technique of
SHERWOOD and VANCE (1976).

All the microscopic observations were made with a microscope Leitz Dialux
20 equiped with a mercury bulb HBO 50 W, ultra-violet light (excitation filter
B1 340-380; barrier filter LP 430) and blue light (excitation filter BP 450-490;
barrier filter LP 515).

Statistical analysis

It was accomplished with variance analysis and when the colonization of
the fungus was studied in the first phases of infection, the comparison of the
means was made by using TUKEY’s test. When the stages where the fungus
ceased growth were evaluated the analysis of variance was done with coded data
and SCHEFFE’s test was used for comparison of the means.
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RESULTS
Host reactions and their microscopic observation

The reactions of the different coffee plants used to the culture 1427 of H.
vastatrix were the following:

—849/1 (SH,)— abundant suporulation (reaction 4) about 30 days after
the inoculation — (Fig. 1a).

— 128/2 (SH,SH,) — chlorotic flecks with tumefactions (flr) (Fig. 2a).

— 128/1 (SH;sh;) — flt and scattered chloroses, in general with late and
scarce sporulation (about 45 days after inoculation) — (Fig. 3a).

—H 168/8 (849/1 X 128/2 — (SH, X SH,) — flt and scattered or large
coalescent sporulating chloroses (Fig. 4a).

—110/5 (SH,SH,SH;SH;) — fIt — (Fig. 5a).

—H 310/2 (19/1 * X 110/5 — (SH;s X SH,SH;)) — flt — (Fig. 6a).

—H 454/43 (849/1 X 110/5 — (SHs X SH,SHs)) — flr. It must be noted
that in each inoculation, in a minimum of 4 pairs of leaves per plant, at
least one leaf or one pair of leaves showed scattered chloroses in small
number which originated weak sporulation 1.5—2 months after the
inoculation (Fig. 7a). The produced uredospores after being collected and
inoculated on the differentials proved to belong to the same original
culture used.

In the different inoculations made, the flr were observed 11-13 days after
the inoculation.

In 849/1 (SH,) the majority of the infections showed mycelium well deve-
loped, without aparent inhibition of growth or sporulation. In 128/1 (SH;sh,),
H 168/8 (SH,X SH,) and H 454/43 (SH, X SH,SH;) the chlorotic areas with
sporulation showed mycelium well developed with various haustoria in the meso-
phyl cells. Sporogenic hyphae and uredosporic sori were also observed (Figs. 3b
and 7b).

The flt corresponded always to cells of the spongy tissue with bigger size
(having thicker cell walls) around the infections where the fungus ceased its
growth on the different phases (Fig. 2b). Even in the cases where the mycelium
grew out a little farther, a reduced number of haustoria was observed. Altered
cells with thick walls and granular cytoplasm were also observed around the
aborted hypha but without the formation of tumefaction (Figs. 3c, 6b, 7¢).

Process of the fungus colonization

The mean value of mycelial growth and the number of haustoria per infec-
tion did not differ significantly on the 37 day after inoculation in the group of

* When inoculated with the culture 1427 produced a reaction type 4.
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Fig. 1—849/1 (SH,): a) Abundant sporulation — Reaction 4; b) Callose (C) only around
some haustoria and haustorial mother cells (arrows) in one chlorotic zone — UV light (x400).
Fig. 2—128/2 (SH,SH)): a) Reaction flt; b) Senescent mycelium in the mesophyll between

cells of the tumefaction (x150); c) Lignified cells (L) around aborted hypha showing disse:
minated callose (C) — UV light (x400).
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Fig. 3—128/1 (SH;sh,): a) flt and dispersed chloroses with scarce sporulation; b) Mycelium
distributed in the mesophyll and a uredosporic sorus (x250); c¢) Senescent mycelium in
post-anchor stage with altered cells around it (x400).

Fig. 4 —H 168/8 ((849/1 X 128/2) — SH ,X SH; —flt and chloroses with abundant spo-
rulation.

Fig. 5—110/5 (SH,SH,SH,SH,): a) Reaction flt; b) Lignified cells (L) around the aborted
hypha with callose dots (C) — UV light (x400).
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Fig. 6 —H 310/2 ((19/1 X 110/5) — SH; X SH,SH,): a) Reaction flf; b) Senescent mycelium
in a post-anchor stage; cells with thickened wall (x400).

Fig. 7—H 454/43 ((849/1 X 110/5) — SH, X SH,SH,): a) fIt and dispersed chloroses with
scarce sporulation; b) High density of mycelium in a chlorotic zone (x250); c) Senescent
mycelium in the first layers of spongy parenchyma and between cells with thickened walls
(x250).
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plants bearing the gene for resistance SH, (in the homozygous or heterozygous
condition) and in 849/1 (SH,) (Tables 2 and 3). At the 3™ day, some aborted
infections started to be noticed showing mycelium meager and plasmolysed some-
times swelled, including the coffee plant 849/1 that behaved as susceptible (resis-
tance genes at the recessive stage). Similar observations are reported by MAR-
TINS et al. (1985) who point out values of 50-75'% of aborted penetrations on
the first phases of the infection process in susceptible coffee plants. In the
present study, however, in 849/1 the number of aborted infections was always
much less than the infections which apparently evolved without any growth
inhibition.

When on the 6™ and 9" days after the inoculation the process of coloni-
zation (expressed in mycelial growth and number of haustoria per infection) was
compared in 128/2 (SH,SH,) and 128/1 (SH,sh,) no significant differences were
found. It must be noted, however, that while in 128/2 the total number of infec-
tions was aborted, in 128/1 some infections presented normal morphology and
evolved giving rise to chloroses with a very late sporulation. Thus, in the pre-
sence of the resistance gene SH, considered as dominant but in the heterozygous
condition in 128/1 (NORONHA-WAGNER and BETTENCOURT, 1967), the
culture 1427 (with the gene of virulence vs) induced incomplete resistance.

In the hybrid H 168/8 ((849/1 X 128/2) — SH, X SH,) the process of fun-
gus colonization in the 6" and 9" days after the inoculation was more like of
the susceptible parent 849/1, what is in agreement with the symptoms that pre-
sented (intermediate reaction that, with the time, and at least on some inoculated
leaves, was close to the susceptible reaction). On the other hand, H 168/8

TABLE 2
MEAN MYCELIAL LENGHT/INFECTION (RUST CULTURE 1427) IN THE COFFEE
PLANTS 128/2 (SH,SH,), 128/1 (SH,sh,), H 168/8 (SH, X SH,) and 849/1 (SH,), 3,6 and
9 DAYS AFTER INOCULATION

Days Mean mycelial length (gm)/infection in the coffee plants
after
Inoculation 128/2 128/1 H 168/8 849/1
3 31.20a 31.56a 33.06a 36.12a
A (12-63; = 16.52) (12-81; = 19D (12-84; = 16.0M (12-84; = 21.03)
6 31.23a 50.64a 100.32b 133.92b

(12-72; 2 15.28)  (12-141: 7 34300 (12-255; *=79.24) (15-384; =+ 99.23)

9 31.56a 53.16a 142.80b 233.76¢
(12-72; = 16.11)  (12-198; = 42.13) (15-423; = 124.40) (21-618; == 211.22)

A (Range; * standard deviation of mecans)
Values in the same row followed by different letters differed significantly according to
Tukey's test at P < 0.05.
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TABLE 3
MEAN NUMBER OF HAUSTORIA/INFECTION (CULTURE 1427) IN THE COFFEE
PLANTS 128/2 (SH,SH)), 128/1 (SH,sh)), H 168/8 (SH, X SH,) AND 849/1 (SH,), 3, 6
and 9 days after moculation

Mean number of haustoria/Infection in the plants

Days
after g -
inoculation 128/2 128/1 H 168/8 849/1
3 0.12a 0.32a 0.36a 0.80a
A (0-3; = 0.60) (0-3; =0.90) (0-3; = 0.86) (0-3; %= 1.23)
6 0.36a 1.24ab 1.96b 2.20b
(0-3; = 1.00) (0-4; = 1.51) (0-5; = 1.62) (0-5; == 1.68)
9 0.36a 1.40ab 2.28bc 3.04c
(0-3; = 1.00) (0-4; £ 147) (0-7; = 1.96) (0-8; =% 2.26)

A (Range; = standard deviation of means)
Values in the same row followed by different letters differed significantly according to
Tukey’s test at P < 0.05.

(SH, X SH;) and 128/1 (SH;sh,) differentiated from each other on the 6" and
9t days after the inoculation regarding the mycelial length that was always
higher on the hybrid. It is admitted that this difference might be determined by
the genetic constitution of 849/1 (SH,), since in both cases the resistance gene
SH, is in the heterozygous condition.

‘When the coffee plants bearing gene SH, showed symptoms the phases in
which the fungus ceased growth were evaluated on the areas of the leaf with flr.
Those observations did not include 849/1 (SH,) because on this plant most of
the infections presented a well developed mycelium. Thus, when the phases of
fungus abortion were compared (Fig. 8), it was observed that the phase of pene-
tration hypha (phase 2) was that which occurred with higher frequency (57 %)
in 128/2 (SH,SH;), whereas in 128/1 (SH;sh,) and in H 168/8 (SH, X SH,) that
occurred at the phase of post-anchor (phase 4) with frequencies of 46 9% and
69% respectively. The comparison of the means showed that in H 168/8 the
fungus totally aborted in more advanced phases of the infection process, in
opposition to 128/2 and that 128/1 was in an intermediate position; those plants
were differentiated among themselves.

When the first phases of infection were evaluated in the coffee plants
possessing the resistance genes SH,SH; (in the homo or heterozygous condition)
and were compared with 849/1 (SH,) it was observed that the mean values of
the mycelium length and of the number of haustoria per infection (Tables 3
and 4) were again not significantly different at the 3¢ day after the inoculation,
when aborted infections start to be observed. On the 6" and 9" days after ino-
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Fig. 8- Percentage of infections which aborted at different phases (1-appressorium; 2-penetra-
tion hypha; 3-anchor; 4-post-anchor) in the hosts 128/2 (SH,SH,), 128/1 (SH;sh,), H 168/8
[(849/1 X 128/2)-SH, X SH,].

%

I . N

Phases of abortion

Appressonum Penetration Anchor Post-anchor
hypha

128/2: Mode = 2 (penetration hypha): Xy = 2.50 a
128/1: Mode = 4 (post-anchor) P Xw2 = 3.04b

H 168/8: Mode = 4 (post-anchor)  :Xy3 = 3.56 ¢

Note: Values followed by different letters differed significantly according to SchefTe’s test at P<0.001.

culation, the two parameters under study were also not different in 110/5
(SH,SH,SHSH;s), H 310/2 (SHs X SHSHs) and H 454/43 (SH, X SH,SH;).
However, any of these plants was differentiated from 849/1 (SH,) that presented
infections with mycelial length significantly higher. This fact is in agreement with
the susceptible behaviour of 849/1 towards culture 1427.
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Besides 849/1 (SH,), of the remaining plants bearing genes SH,SH;, only
H 454/43 (SH, X SH,SH;) produced uredospores where in some leaves it was
observed an intermediate reaction (flt and scattered chloroses that in general
originated a late and weak sporulation). To evaluate the process of fungus colo-
nization in the leaf fragments before the appearance of the symptoms, most of
the observed infections presented mycelium with limited growth and senescent
aspect. Thus, the values relative to the fungus colonization process in H 454/43

TABLE 4
MEAN MYCELIAL LENGHT/INFECTON (RUST CULTURE 1427) IN THE COFFEE
PLANTS 110/5 (SH,SH,SH,SH,), H 310/2 (SH, X SH,SH,), H 454/43 (SH , X SH,SH,) and
849/1 (SH,), 3,6 and 9 days after inoculation

Days Mean micelial length (um)/infection in the coffee plants

after

Inoculation 110/5 H 310/2 H 454/43 849/1
3 24.72a 40.44a 24.72a 36.12a

A (9-84; = 18.66) (9-156; == 33.64) (9-51; %£16.02) (12-84; = 21.03)

6 51.24a 46.32a 41.04a 133.92b
(12-315; £59.71)  (12-174; *£40.34) (12-105; = 2346) (15-384; *=99.23)

9 54.48a 70.68a 42.00a 233.76b
' (12-321; *=61.93) (12-264; *=55.39) (15-108; == 24.50) (21-618; == 211.22)

A (Range; = standard deviation of means)
Values in the same row followed by different letters differed significantly according to
Tukey’s test at P < 0.05.

TABLE 5
MEAN NUMBER OF HAUSTORIA/INFECTION (CULTURE 1427) IN THE COFFEE
PLANTS 110/5 (SH,SH,SH SH,), H 310/2 (SH; X SH,SH,), H 454/43 (SH, X SH.SH,_) and
849/1 (SH,), 3, 6 and 9 days after inoculation

Days Mean number of haustoria/infection in the plants
after
Inoculation 110/5 ) H 310/2 H 454/43 849/1
3 0.20a 0.56a 0.24a 0.80a
A(03; =071 (0-3; =1.04) (0-2; = 0.66) (0-3; =1.23)
6 1.12a 0.96a 0.64a 2.20b
(04; =139 (04; *=1.37) (0-3; = 1.08) (0-5; = 1.68)
9 1.24a 1.88ab 0.96a 3.04b
(0-5; £ 1.54) (0-4; = 1.56) (04; %= 149) (0-8; =2.26)

A (Range; = standard deviation of means)

Values in the same row followed by different letters differed significantly according to
Tukey's test at P < 0.05.
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(Tables 3 and 4) correspond only to part of the truth. In fact, the infections that
evolved and originated chloroses and late sporulation are not represented there.

When coffee plants 110/5 (SH,SH,SHs;SHs), H 310/2 (SHs X SH,SH;s) and
H 454/43 (SH, X SH,SH:) showed symptoms the phases where the fungus ceased
growth were evaluated in the leaf areas which produced flir (Fig. 9). It was

Fig. 9 - Percentage of infections which aborted at different phases (1-appressorium; 2-penetra-
tion hypha; 3-anchor; 4-post-anchor) in the hosts 110/5 (SH,SH,SHSH;), H310/2 [(19 X
X 110/5) — SHg X SH,SH;] and R 454/43 [(849/1 X 110/5) — SH, X SH,SH,].

%
- , =
mm 1106
s 28 /ﬁ %m
- / H 454/43
'- =
“ .
- =/ E/
., e
., =
e
i HE
: Zjmuill— /
Phases of abortion
Appressonium Penetration Anchor Post-anchor
hypha
110/5: Mode = 4 (post-anchor) ; Vw1 = 2.91ab
H 310/2: Mode = 4 (post-anchor) i Ywe = 3.17b

H 454/43: Mode = 2 (penetration hypha) ;¥yw3 = 2.77a

Note: Values followed by different letters differed significantly according to Scheffe’s test at P< 0.001.
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observed that the abortions on the post-anchor phase were the most frequent
both in 110/5 (35%) and H 310/2 (43 %), whereas in H 454/43 the abortions
occurred with higher frequency at the phase of penetration hypha (48 9%0) imme-
diately followed by the phase of post-anchor (359%). The comparison of the
means showed that 110/5 did not separate significantly either from H 310/2 or
from H 454/43, but these latter separated between each other.

With a basis on the FLOR’s gene-for-gene theory, the resistance of 110/5
(SH,SH,) to culture 1427 (vs) is conferred by gene SH,. In the hybrids H 310/2
((19/1 X 110/5) — SHs X SH,SHy) and H 454/43 ((849/1 X 110/5 — SH, X
X SH,SH;) in spite of gene SH, being present in both of them in the heterozy-
gous condition only H 454/43 showed incomplete resistance. In inoculations
carried out at the CIFC on these hybrids with other avirulent cultures of H.
vastatrix, similar results have been obtained which have been suggested to be
due to the larger spectrum of susceptibility of 849/1 (SH,) when compared with
19/1 (SHs). However, in relation to culture 1427, both 19/1 and 849/1 presented
the same type of reaction 4. Thus, the difference that is left to be considered
between H 310/2 and H 454/43 is the fact that in the latter both genes SH, and
SH; are in the heterozygous condition. It has been observed at the CIFC in
coffee-rust compatible combinations that a resistance gene in the heterozygous
condition might confer higher susceptibility than in the homozygous condition.
Thus, although it is not known how to explain the type of reaction observed in
H 454/43 it is admitted that the gene SH; in the heterozygous condition might
have some influence.

Responses to the presence of the fungus

The cytological tests indicated the following in the aborted infections, mainly
flt, of plants with genes SH, and SH,SH; in the homo or heterozygous condition:
the presence of callose was detected in the contact zones of the host cells with the
hyphae and around the haustoria; the presence of lignin was found mainly on
the thickened walls of the hypertrophied cells of the tumefaction area. However,
even when a visible tumefaction was not formed it was detected callose as well
and the presence of lignin in the walls and cytoplasmic contents of the cells
around the aborted mycelium (Figs. 2c and 5b). When the fungus ceased growth
in the appressorium phase or in incipient phases of the infection process, the
formation of lignin was restrited in general to the cells of the stomatal area
(cell walls and sometimes cytoplasmic content as well). The presence of callose
and lignin as a resistance response in incompatible coffee-rust associations is also
referred by TYBURZY er al. (1983), RIJO and VASCONCELOS (1984) and
MARTINS et al. (1985).
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In the chlorotic areas of plants 128/1 and H 168/8 (both with SH, hetero-
zygous) and H 454/43 (with SH; and SH; heterozygous) as well as on the suscep-
tible reaction of 849/1 (with the referred genes in the recessive stage) (Fig. 1b)
it was observed callose as well but only around some haustoria. It has been noted
by RIJO (personal communication) that callose formation in the susceptible
coffee plants takes place only on the oldest haustoria and this may be the funda-
mental difference in relation to the resistant varieties.

DISCUSSION

The mixture of resistant and susceptible types of reaction on the same leaf
as it was observed in 128/1 and H 168/8 (both with heterozygous SH,) and in
H 454/43 (with heterozygous SHy and SHj) is also referred by ESKES (1983) in
derivates of C. canephora with intermediate level of resistance. ESKES, among
others, defends that this reaction may not be the result of a variation of the
fungus, but that is rather a response of incomplete resistance that can be influen-
ced by light intensity and the leaf age. On the other hand, HEATH (1982) based
in histological and fine structure studies of some host-rust interactions makes
the generalization that both the fungus growth and the host responses might
differ in different infections of the same tissue. The referred author admits that
that variation may not only reflect merely differences in the individual capacity
of the fungus to grow but also that it is much more common on the resistant
than in the susceptible hosts. In the present work it was also observed a high
variability both in the colonization of the fungus and in the responses that this
induced in different infections of each plant under study. The expressions of
resistance (complete and incomplete) found were considered as being mainly
due the homo or heterozygous condition of the present resistance genes. It is
admissible, however, that other genes might have some influence on the types
of answers obtained.
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FACTORES GENETICOS QUE CONDICIONAM A RESISTEN-

CIA AS

RACAS DE HEMILEIA VASTATRIX BERK ET BR.

DOS CLONES-TIPO DOS GRUPOS 1, 2 E 3 DE DERIVADOS
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SUMARIO

Progénies autofecundadas dos clones-tipo H. 420/10, H. 420/2 e H. 419/20
dos grupos fisiolégicos 1, 2 e 3 de derivados de Hibrido de Timor e populagoes
resultantes de cruzamentos entre estes clones ¢ os cafeeiros 849/1 (Matari) ¢
3205/5, 8 (Catuai Amarelo) foram inoculadas, nas estufas do CIFC, com as
culturas-tipo de 20 racas de Hemileia vastatrix.

A andlise mendeliana das populacoes dos diversos tipos de segregantes
observados nos cafeciros estudados, deu a indicaciio da existéncia de trés novos
factores dominantes S,7. S8 e §,9, condicionando, simples ou associados
entre si e com S;5 ¢ S,,6, a resisténcia desses clones-tipo.

A aplicacio da teoria gene para gene de Flor as interac¢des dos cafeeiros
H. 420/10 (8,45,6,7.9), H. 420/2 (S;,5,8) e H. 419/20 (5,45,6,9) com as 20 racas
de H. vastatrix permitiu inferir o gendtipo das novas ragas XXIX, XXX e
XXXI, respectivamente, Vgg.uggs Vg Vaisi09e

Palavras-chave: Hibrido de Timor, ferrugem do cafeeiro, Hemileia vastatrix,
genes de resisténcia.

ABSTRACT

Sclfed progenies of the coffee type-clones H. 420/10, H. 420/2 e H. 419/20
of the physiologic groups 1, 2 and 3, derived from Hibrido de Timor (HDT),
and the populations resulting from crosses between these clones and the coffee
plants 849/1 (Matari) and 3205/5, 8 (Catuai Amarelo) were inoculated with the
type-cultures of 20 races of Hemileia vastatrix.

The mendelian analysis of the various types of segregants observed gave
the indication that three new dominant factors §,7, S8 and §,,9 exist, condi-
tioning by themselves or associated with each other or with 8,;5 and §,,6, the
resistance of those type-clones.



The application of Flor's gene-for-gene theory to the interactions of coffees
H. 420/10 (545,6,7,9), H. 420/2 (S;;5,8) and H. 419/20 (S;5,6,9) with the 20
races of H. vastatrix allowed to infer the genotypes of the new races XXIX,
XXX and XXXI, respectively vgv vovgve, vsvy and v,vvevs.

Key words: Hibrido de Timor, coffee rust, Hemileia vastatrix, resistance

genes.

INTRODUCAO

E ja significativa a informac@o de que se dispoe sobre a hereditariedade da
resisténcia vertical dos cafeeiros da espécie Coffea arabica L. e de segregantes
tetraploides C. arabica X Coffea spp. as diferentes ragas fisiologicas de Hemileia
vastatrix Berk. et Br. Os primeiros dados foram obtidos por Mayne (1936) estu-
dando na India as interacgdes de selecgdes de C. arabica (Coorg ¢ DK'/6) e de
hibridos tetrapléides C. arabica X C. liberica (S. 288 ¢ S. 353) com as ragas de
H. vastatrix ali prevalecentes. Admitiu entdo aquele investigador a existéncia de
dois factores genéticos responsaveis pela resisténcia dessas selec¢des a trés ragas
do fungo.

Os trabalhos realizados no CIFC a partir de 1956 incidiram numa primeira
fase na andlise mendeliana das interacc¢Ges de selecgoes de C .arabica, Bourbon,
Geisha, DK!/6 e S. 4 Agaro e da selecgdo C. arabica X C. liberica S. 288, respec-
tivamente dos grupos fisiologicos E, C, D, J e G, com 14 racas de H. vastatrix
Foi possivel identificar cinco factores dominantes Syl, Si2, Su3, Sud e Su5 condi-
cionando, simples ou associados, a resisténcia dos clones-tipo desses grupos. Os
genes Sy2 e Su3 correspondem aos dois factores previstos por Mayne. Como
factor Sy3 apenas se encontra nos cafeeiros das selecgdes indianas de origem
interspecifica C. arabica X C. liberica, ¢ muito provavel que provenha do pro-
genitor desta ultima espécie (Noronha-Wagner & Bettencourt, 1967: Betten-
court & Noronha-Wagner, 1971).

A andlise passou depois a ser feita sobre as interac¢des de cafeeiros Hibrido
de Timor (populagdo segregante do hibrido natural C. arabica X C. canephora)
e seus derivados, com as racas de H. vastatrix. Através do estudo do clone-tipo
1343 /269 do grupo R, um outro factor genético dominante S;;6 foi identificado,
condicionando a resisténcia deste cafeeiro a 19 racgas do fungo, factor esse origi-
nario, certamente, do progenitor C. canephora do Hibrido de Timor (Betten-
court et al., 1980).

Entretanto verificou-se que alguns cafeeiros das populagoes H. 419 e H. 420
resultantes de retrocruzamentos para Mundo Novo do hibrido HW 26 (19/1
Caturra Vermelho X 832/1 Hibrido de Timor), inicialmente classificados no
grupo A eram susceptiveis a algumas culturas de H. vastatrix originarias da
fndia e de Timor (Quadro T). Trés dessas culturas 1302, 1321 ¢ 1326 obtidas de
amostras colhidas, respectivamente, em hibrido Robusta X Arabica, em derivado
de Hibrido de Timor e em Hibrido Ramera (C. arabica X C. canephora), ao
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QUADRO 1

ESPECTROS DE REACCAO E GENOTIPOS DE RESISTENCIA DE CLONES-TIPO DE
11 GRUPOS FISIOLOGICOS, INCLUINDO 1, 2, 5 e A, EM RELACAO A 20 RACAS DE
H. VASTATRIX

Clones-tipo, grupos fisiolégicos, gendtipos de resisténcia conhecidos e espectros de

o reacgio *
8 g T "
ES = - °

2; 8 g3 § § § ¢ § I I I I ¢

o T = © @ @ L] 4 - - x T T T @

a 2

& @ B E C D G K R 4 1 2 3 A

Su5 S;1.5 5,25 5,35 S,45 S,6 S,56 5,72 S,7 S,? §,?

! V2,5 S = S e - s e e
1 Ve e e e - SR T
1 Viss IR R e——— = = | e
VIl Vi B a= o ME = - Set | = ey (2
Vil V2355 S o S S — — - = = e
X Visess S S e S = e =
X1l Vs S S S 8 — - - - - =
XIv Vaisies S — 8 S S — - = = =
XV Vius S - - — S — - = = =
k. Vs S S S S S = =S
XVII Vi, i S S S a e s e o = —
XXIT vy, 8 = e mm e s s =Rt
XXHL v o0 S S S = S = T il = =7
XXI1v Vastrs S == o — S = — = — =
XXV V23556 S = S == S el i =
XXVI Vasss6 S - - . S S - s - P
XXVIII Vst S o S - S S — — — —
XXIX Vs ? S - — - — S S S S —
XXX Vais 7 S —_ — — — — S — -_
XL 9% 8 = @ = o= s —  a B e

* Tragos correspondem a reaccdes de resisténcia; S = Susceptibilidade; MS = Moderada
susceptibilidade.

** H. 419 = 1535/33 Mundo Novo X HW 26/13
H. 420 = 1535/33 Mundo Novo x HW 26/14
H. 440 = 19/1 Caturra Vemelho X 1343/269 HDT
HW26 = 19/1 Caturra Vermelho X 832/1 HDT

**% S6 ¢ possivel distinguir os cafeeiros do grupo B dos do grupo E ¢ os do R dos do 4,
recorrendo para os primeiros as racas 1V, XI, XIX, XX, XXI, XXVII e XXXII e para
os segundos as ragas XXVII e XXXII, nenhuma delas utilizada neste estudo (Betten-
court, 1981).
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atacarem plantas de H. 419 ¢ H. 420 definiram por um lado trés ncvos grupos
fisiologicos 1, 2 e 3 e, por outro, trés novas racas XXIX, XXX e XXXI (Betten-
court, 1981).

O presente trabalho foi realizado com o objectivo de caracterizar genetica-
mente a resisténcia expressa pelos cafeeiros destes trés novos grupos fisiologicos
em relacdo as racgas de H. vastatrix.

MATERIAIS E METODOS

O estudo da base genética da resisténcia a H. vastatrix dos cafeeiros dos
grupos 1, 2 e 3 incidiu sobre os seus clones-tipo H. 420/10, H. 420/2 e H. 419/20
(Quadro I).

Foi feita a analise dos espectros de resisténcia das progénies dos trés clones-
-tipo obtidas por autofecundag@o e de populagoes resultantes de cruzamentos
entre estes clones ¢ os cafeeiros Matari (grupo ) e Catuai Amarelo 3205/5, 8
(grupo E), inoculadas com as culturas-tipo de 20 racas de H. vastatrix (Quadros
IT e IID).

QUADRO I

ANALISE DAS PROGENIES AUTOFECUNDADAS DOS CLONES-TIPO H. 420/10
(GRUPO 1), H. 420/2 (GRUPO 2) e H. 419/20 (GRUPO 3), INOCULADAS COM 20
RACAS DE H. VASTATRIX

N.© de plantas Proporgdes grupo 1 grupo 2 grupo 3 grupo Rou 4 grupo E ou # i
Clones autof. = iudadas esperadas Obs. Esp. Obs. Esp. Obs. Esp. Obs, Esp, Obs. Eap, Y*'0Tes do X
H. 420/10 122 48:12:3:1 83 915 27 229 10 57 2 3.8 5,620
(P >0,10)
H. 420/2 170 3:1 125 1275 45 42,5 0,196
(P > 0,50
H. 419/20 177 12:3:1 144 1328 25 332 8 11,1 3,836
(P >0,10)

* H. 420 = 1535/33 (E) x HW 26/13 (A)
H. 419 = 1535/33 (E) x HW 26/14 (A)
H. 440 = 19/1 (E) X 1343/269 (R)
HW26 = 19/1 (E) x 832/1 (A)
19 = Caturra Vermelho
1535 = Mundo Novo
832, 1343 = Hibrido de Timor
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QUADRO 111

ANALISE DAS F, DE CRUZAMENTOS ENTRE OS CAFEEIROS 849/1 (#) E 3205/5, 8 (E)
E OS CLONES-TIPO H. 420/10 (1), H. 420/2 (2) E H. 419/20 (3), INOCULADOS COM
20 RACAS DE H. VASTATRIX

g M. de plantas Proporgfes  arupo 1 grupo 2 grupo 3 grupoRou4d4 grupoEoug 3
! estudadas esperadas Obs. Esp. Obs. Esp. Obs. Esp. Obs. Esp. Obs. Esp. Valores:de: ¢
H. 600 * 112 4:2:1:1 534 56 23 28 14 14 21 14 4,464
(P> 0,20)
H. 608 57 4:2:1:1 30 285 16 143 5 7,1 6 7,1 1,097
(P> 0,70)
H. 597 38 121 17 19 21 19 0421
(P >0,50)
H. 595 54 2:1:1 32 27 10 13,5 12 13,5 2,00
(P > 0,350)
* H. 600 = 3205/5 (E) X H. 420/10 (1) H. 420 = 1535/33 (E) X HW 26/13 (A)
H. 608 = 849/1 (B) X H. 420/10 (1) H. 419 = 1535/33 (E) X HW 26/14 (A)
H. 597 = 3205/8 (E) X H. 420/2 (2) H. 440 = 19/1 (E) X 1343/269 (R)
H. 595 = 3205/8 (E) X H. 419/20 (3) HW26 = 19/1 (E)x 832/1 (A)
19 = Caturra Vermelho
849 = Matari

1535 = Mundo Novo
3205 = Catuai Amarelo
832, 1343 = Hibrido de Timor

Na inocula¢dio dos cafeeiros e na leitura das diferentes interacgdes segui-
ram-se o método e a escala de tipos de reaccdo adoptada pelo CIFC (D’Oli-
veira, 1955).

Para se definirem com maior garantia os tipos de reac¢do procurou-se uni-
formizar o mais possivel as condi¢des que influenciam o desenvolvimento das
plantas e da ferrugem e fazer repetidas inocula¢des para as diferentes combina-
¢oes cafeeiro-raca do fungo.

OBSERVACOES E DISCUSSAO

Andlise das progénies autofecundadas dos clones-tipo H. 420/10 (grupo 1),
H. 420/2 (grupo 2) e H. 419/20 (grupo 3), inoculadas com 20 ragas de H. vas-
tatrix.

Nas plantas da progénie autofecundada do clone H. 420/10 verificou-se

uma segregagdo para os espectros de reac¢do que caracterizam os grupos 1, 3,
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QUADRO 1V

GENOTIPOS DE RESISTENCIA A H. VASTATRIX DOS CLONES-TIPO H. 420/10,
H. 420/2 E H. 419/20 E GENOTIPOS DE VIRULENCIA DAS RACAS XXIX, XXX E
XXXI INFERIDOS DE ACORDO COM A TEORIA DE FLOR, QUE COMPLETAM O

QUADRO 1
= Clones-tipo, arupos fisioldgicos, gendtipos de resisténcia
@ ” :é e espectros de reacgdo *
g £ 5 e — — — —-
o= =
23 >3 H. 420/10 ** H. 420/2 H. 419/20 ** 832/1-HDT
@ 5 8 — E—
o - §.E 1 2 3 A
-] —_
5“ 3 E— S S PR — —
g S, 56,79 Sy 5.8 Sy 5.0.9 $,,5.6,7.89 + ?
XXIX VS!G!?&S\‘) S S S -
XXX Vg — S - -
XXXI*** V5060 = - 5 -

* Tracos correspondem a reacgdes de resisténcia S = Susceptibilidade
** H. 419 = 1535/33 Mundo Novo x HW 26/13
H. 420 = 1535/33 Mundo Novo x HW 26/14
HW 26 19/1 Caturra Vermelho x 832/1 HDT
“** A raga XXXI «quebra» também a resisténcia dos cafeciros do grupo D com gendtipo
5,;2-S;;5 (Quadro 1)

Il

R ou 4 ¢ E ou B (Quadro II). A propor¢do obtida entre plantas com resisténcia
(grupos 1, 3 e R ou 4) e as susceptiveis (grupo E ou #) proxima de 63:1 indica
que a expressao de resisténcia do clone H. 420/10 é condicionada por trés facto-
res simples e dominantes em condigdo heterozigbtica.

Um deles ¢ o factor Sy6 (grupo R), outro um novo factor dominante que
simples ou associado condiciona o espectro de reac¢do do grupo 1, e ainda um
outro novo factor dominante existente nas plantas do grupo 3. Os dois novos
factores foram designados respectivamente por Su7 e S,9.

A proporgdo de segregagdo para os trés factores a esperar neste caso seria
27:9:9:9:3:3:3:1. Porém como as plantas com gendtipos onde ha S;7 ou S;9 nio
se podem distinguir umas das outras com as racas existentes no CIFC, sendo
todas incluidas respectivamente nos grupos 1 e 3, a propor¢io de plantas obser-
vadas dos grupos 1, 3 e R ou 4 ¢ E ou B foi analisada e verificada em relagdo a
propor¢do 48:12:3:1 de plantas esperadas (Quadro II).

A andlise da progénie do clone H. 420/2 permitiu identificar plantas dos
grupos 2 ¢ E ou B numa propor¢do que aponta para a existéncia de mais um
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novo factor dominante e simples, condicionando o espectro de reac¢ao do clone
que se designou por Sy8 (Quadro II).

Finalmente pela analise da progénie do clone H. 419/20 definiu-se uma pro-
por¢do entre os tipos segregantes dos grupos 3, R ou 4 ¢ E ou £ que indica serem
dois os factores dominantes e simples a constituir a base genética da expressdo
de resisténcia do clone (Quadro II). Um deles é o factor Sy6 e o outro o factor
Su9 que, simples ou associado com S;6, condiciona o espectro de resisténcia do
grupo 3. Por ndo ser possivel distinguir estes dois gen6tipos as plantas observadas
dos grupos 3, R ou 4 ¢ E ou g foram analisadas para a propor¢do 12:3:1 (Qua-
dro ID.

Andlise das F, de cruzamentos entre os clones-tipo H. 420/10 (grupo 1), H. 420/2
(grupo 2) e H. 419/20 (grupo 3) e os cafeeiros 849/1 (grupo B) e 3205/5, 8 (gru-
po E), inoculadas com 20 racas de H. vastatrix.

A analise das F, dos cruzamentos entre H. 420/10, H. 420/2 ¢ H. 419/20
com cafeeiros Matari e Catuai (H. 600, H. 608, H. 597 e H. 595) veio confirmar
os dados obtidos com o estudo das progénies desses clones (Quadro III).

Detectou-se nas populagdes H. 600 ¢ H. 608 (H. 420/10 X plantas E ou B)
uma propor¢io de segregantes para os grupos 1, 3, R ou 4 ¢ E ou B8 que ¢ indi-
cacio da existéncia no clone H. 420/10 dos trés factores dominantes Su6, Sy7 ¢
Su9. Pela impossibilidade ja referida de distinguir uns dos outros alguns genétipos
com S,7 ou S,,9, a segregaciio das plantas observadas foi analisada para a propor-
¢d0 4:2:1:1. Na populagdo H. 597 (H. 420/2 X planta E) a propor¢do de segre-
gantes para os grupos 2 ¢ E ou B8 aponta para a existéncia no clone H. 420/2 do
factor que foi designado por Sy8. A proporcdo de segregantes para os grupos 3,
R ou 4 e E ou B encontrada na populagdo H. 595 (H. 419/20 X planta E) é tam-
bém a confirmagdo da base genética do clone H. 419/20 detectada pela andlise
da sua progénie ou sejam dois factores S;6 e Sy9. Por ndo ser possivel distinguir
0s genotipos Su6 e Su6-Sy9 a segrega¢do de plantas foi analisada para a propor-
¢do 2:1:1 dos grupos 3, R ¢ E ou B.

Nas andlises ndo se levou em consideragio o eventual efeito do factor Sy5
existente na maioria dos cafeeiros estudados (Quadro I). De facto como todas
as ragas utilizadas possuem o factor de viruléncia vs; que «quebra» a resisténcia
condicionada por S;;5, a caracteriza¢do qualitativa das plantas para os diferentes
grupos dependera basicamente da ac¢do dos outros factores de resisténcia Su6
a §;9.

De assinalar ainda que a discrepancia encontrada por vezes entre o nimero
de cafeeiros dos grupos E ou B observados ¢ os esperados, maior o dos primeiros,
talvez se justifique pelo facto de algumas dessas plantas poderem ndo ser hibri-
das por resultarem de sementes formadas a partir de gomos florais do progenitor
feminino susceptivel ja autofecundados antes da operacdo de emasculagéo.
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Viérios sio os factores que eventualmente terdo afectado as andlises das
proporgdes de segregantes verificadas nas populagdes incculadas com as ragas
de H. vastatrix. Em primeiro lugar o nimero de plantas analisadas ndo é grande
e além disso ha a possibilidade de ccorréncia de irregularidades na meiose devido
ao facto dos cafeeiros derivarem de hibrido interespecifico. Acresce que o feno-
tipo da interac¢@o esteve muito dependente das condi¢oes do ambiente e das con-
dicoes vegetativas das plantas e do fungo e que interacgées geénicas também
podem ter-se verificado ndo obstante os clones H. 419/20, H. 420/2 e H. 420/10
haverem sido seleccionados para clones-tipo do respectivo grupo por serem o0s
que apresentavam reacgdes mais definidas de resisténcia ou susceptibilidade as
ragas XXIX, XXX e XXXI.

CONCLUSAO

As anélises das segregagdes observadas nas progénies dos clones-tipo
H. 420/10 (grupo 1), H. 420/2 (grupo 2) e H. 419/20 (grupo 3) ¢ nos cruzamen-
tos destes clones com cafeeiros dos grupos 8 e E, apontam para a existéncia de
trés novos factores simples e dominantes Sy;7, Sy8 ¢ 5,9.

Assim as plantas com o espectro de resisténcia do grupo 1 as 20 ragas pode-
rdo ter como gendtipo além do determinado para o clone-tipoc H. 420/10, S5 * —
— Su6su6 Sy7su7 Su9sy9, qualquer uma das nove seguintes associagoes dos facto-
res Su6, Su7, Su8 e Su9, com ou sem S5, cada um deles em condigdo homozigé-
tica ou hererozigética: Sy7, Su6-Sy7, Su6-Su8, Su7-Su8, Su7-Su9, Su8-Si9,
SH6-Sy7-Su8, Su6-Sy7-Su9, Su6-Su8-Su9, Sy7-Su8-S9 e Su6-Sy7-548-5,9.

A distingdo dos cafeeiros com estes gendtipos de resisténcia s6 se poderd
fazer pela analise das descendéncias e dos cruzamentos com plantas susceptiveis
de cada cafeeiro do grupo 1 ou caso se detectem culturas de H. vastatrix com
novas combinagdes dos genes vy a v, que permitam caracterizar esses genotipos.
O estudo realizado por Varzea er al. (1988) ja permitiu a caracterizacao de plan-
tas que tém o seu gendtipo Sy5-Sy7 ou Sy5-Sy7-Sy9, utilizando trés culturas de
H. vastatrix que, embora ndo ataquem o clone-tipo H. 420/10, sdo capazes de
«quebrar» a resisténcia de outras plantas incluidas no grupo 1. O gendtipo de
viruléncia destas culturas inclui ou o factor v; ou a associagdao vi-vy.

Os cafeeiros com o espectro de resisténcia do grupo 2 terdo como genotipo
a combinagdo dos factores Sy5 e Su8, como o clone-tipo H. 420/2, ou entdo
apenas Sy8,, ambos os factores em condi¢do homozigética ou heterozigdtica.

As plantas do grupo 3 serao portadoras do facter §;9 ou da associagdo
Si6-Sy9, com ou sem SyS. O clone-tipo H. 419/20 tem o gendtipo Sy,5-S,6-S49.

Assinale-se que os factores de resisténcia S;6, Sy7, Sy8 ¢ Su9 provém do
cafeeiro 832/1 Hibrido de Timor e foram introduzidos nas combinagoes HW26,
H. 419 e H. 420 resultantes de cruzamentos envolvendo essa planta e cafeeiros

* — significa condi¢do ndo determinada para o alelo.
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portadores apenas de Sy5,, 19/1 (Caturra vermelho) e 1535/33 (Mundo Novo).
Deduz-se portanto que o cafeeiro 832/1 é portador dos cinco factores Sy5 a Sy9
em condi¢io homozigotica ou heterozigética e de um ou mais novos factores nao
caracterizados que lhe conferem resisténcia as ragas XXIX, XXX e XXXI
(Grupo A — Quadro I).

A aplicacdo da teoria gene para gene de Flor (1971) as interacgdes observa-
das entre os cafeeiros portadores dos factores Sy5 a Sy9 e as 20 racas de H. vas-
tatrix (Quadro IV) permite inferir o genétipo das ragas XXIX, XXX e XXXI,
respectivamente, vs-VeViVg-Vo, Vs-Vg € Vo-Vs-Ve-Vo. Prevé-se a existéncia de numerosas
racas ainda nio detectadas, tendo como gendtipo todas as combinagdes possiveis
entre os factores de viruléncia v, a vo. As trés racas que foram definidas por Var-
zea et al. (19899) terdo como genolipos Vs-V; OU Vs-Vi=Vy, Va-VsV; OU Vy-Vs-Vi-Vg €
V-Vi=Vi=V7 OU Vi-Vy=Vs-Vi-Vo.

Os factores de resisténcia Sy6, Su7, Sy8 ¢ Sy9 em diferentes combinagdes
acompanhados ou ndo de factor cu factores condicionando a resisténcia do gru-
po A, tém vindo a ser encontrados em algumas populacoes derivadas de Hibrido
de Timor em fase avancada de selec¢do para as caracteristicas agrondémicas,
como sejam as designadas por Catimor, Sarchimor e Cavimor (Bettencourt,
1984). Os estudos descritos neste trabalho devem ser prosseguidos com outros
cafeeiros Hibrido de Timor e seus derivados, designadamente os do grupo A,
utilizando inéculo de H. vastatrix o mais diversificado possivel.

AGRADECIMENTOS

Ao Doutor Carlos Rodrigues Jr., Director do CIFC, pelo apoio que dispen-
sou a realizacdo destes trabalhos.

Aos Doutores Alcides de Carvalho e Luis Carlos Fazuoli do Departamento
de Genética do Instituto Agronémico de ‘Campinas pela leitura critica do texto.

A Eng.* Agron. Maria José Silva do Centro de Estudos de Produgdo e Tecno-
logia Agricolas (IICT) pela elaboragdo de analise estatistica dos resultados.

BIBLIOGRAFIA

BETTENCOURT, A. ]. and NORONHA-WAGNER, M. 1971. Genetic factors conditioning
resistance of Coffea arabica L. to Hemilea vastatrix B. & Br. Agronomia Lusitana 31:
285-92.

BETTENCOURT, A. ]., NORONHA-WAGNER, M. and LOPES, J. 1980. Factor genético
que condiciona a resisténcia do clone 1343/269 (Hibrido de Timor) a Hemileia vastatrix
Berk. & Br. Brotéria Genética 1 (LXXXVI): 53-38.

BETTENCOURT, A. J. 1981. Melhoramento genético do cafeeiro. Transferéncia de factores
de resisténcia & Hemileia vastatrix Berk. & Br. para as principais cultivares de Coffea
arabica L. Centro de Investigacao das Ferrugens do Cafeeiro (CIFC, 1ITC) Lisboa 93 pp.

1992 193



BETTENCOURT, A. J. 1984. Caracteristicas agronémicas de selecgdes derivadas de cruza-
mentos entre Hibrido de Timor e as variedades Caturra, Villa Sarchi e Catuai. Comuni-
cagdes. Simpdsito sobre Ferrugens do Cafeeiro p. 353-373. Oeiras, 17-20 Out. 1985.

BETTENCOURT, A. J. and RODRIGUES, C. J., Jr. 1988. Principles and practice of coffee
breeding for resistance to rust and other diseases. In: Coffee, Vol. 4, Agronomy. Edited
by R. J. Clarke & R. Macrae. Elsevier Applied Science, p. 199-235.

D’OLIVEIRA, B. 1955. As ferrugens do cafeeiro. Revista do Café Portugués, 2(7): 9-17.

FLOR, H. H. 1971. Current status of the gene-for-gene concept. Ann. Rev. of Phytopath.
9: 275-296.

MAYNE, W. W. 1936. Annual Report of the Coffee Scientific Officer, 1935-36. Mysore
Coffee Exp. Stn. Bull. 14, 21 pp.

NORONHA-WAGNER, M. and BETTENCOURT, A. ]. 1967. Genetic study of the resistance
of Coffea spp. to leaf rust I. Identification and behaviour of four factors conditioning
disease reaction in Coffea arabica to twelve physiologic races of Hemileia vastatrix.
Canadian Journal of Botany 45: 2021-31.

VARZEA, V. M. P., RODRIGUES, C. J., PASSO, |. E. and PALMA, S. 1989. New rust geno-
types and a new genotype in Catimor 45. Association Scientifique Internationale du Café
(ASIC) 13¢ Colloque. p. 735-748.

194 VOL. XIII









SOCIEDADE PORTUGUESA DE GENETICA

FICHA DA ACTIVIDADE DOS SOCIOS

N.B. — Dactilografar ou preencher com mailsculas

Nome: ..

Direcgdo: Instituigdo (Dep. Fac. Univ. Escl.) oo

Codigo Postal ...

Residéncia .....

.......................................... Cédigo Postal
Actividades: Ensino — Secundéario |
Universitario [
Investigagio — 1. Citogenética O]
— 2. Genética Molecular e Microbiana O
— 3. Genética e Melhoramento de Plantas J
— 4, Genética ¢ Melhoramento Animal L
— 5. Genética Humana O
— 6. Genética das Populagdes e Evolutiva O
— 7. Genética da Diferenciagdao e Desenvolvimento [
Linhas de Investigagdo em que trabalha (ndo exceder trés linhas) ...
Assinatura | | 7 e —

Enviar esta ficha preenchida para:
Dr.* Maria José Marinho
Instituto Gulbenkian de Ciéncia
Apartado 14
2781 Oeiras Codex






SOCIEDADE PORTUGUESA DE GENETICA

INFORMA QUE:

1. A revista Brotéria-Genética é distribuida gratuitamente aos sdcios
da: S.P.G.

2. A quota actual de s6cio da S. P. G. é de mil e quinhentos escu-
dos anuais.

3. Se pretender tornar-se socio da S.P.G., deve enviar, devidamente
preenchida, a «Proposta para Sécio» que abaixo se inclui, para:

SOCIEDADE PORTUGUESA DE GENETICA
Instituto Gulbenkian de Ciéncias

Apart. 14 — 2781 OEIRAS Codex

SOCIEDADE PORTUGUESA DE GENETICA

PROPOSTA PARA SOCIO

Nome = g N _

Profissao — -

Morada (para o envio de correspondéncia e cobrangca de quotas)

Data____ /[ _

Assinatura AL ORI e




	Brotéria Genética no. 3 01.09.1992
	FRONT
	Title
	Article
	ÍNDICE

	MAIN
	AS NOVAS TENDÊNCIAS DO MELHORAMENTO GENÉTICO DE PLANTAS NA DÉCADA DE 90
	GENES FOR L-ARABINOSE UTILIZATION IN BACILLUS SUBTILIS
	MAPPING OF ara GENES IN BACILLUS SUBTILIS
	HISTOLOGICAL STUDY OF THE HETEROZIGOSITY EFFECT OF COFFEE RESISTANCE GENES SH1 AND SH4SH5 TOWARDS HEMILEIA VASTATRIX MARIA DO CÉU SILVA, LUISETE RIJO, C. J. RODRIGUES JR, MARIA ISABEL VASCONCELOS
	FACTORES GENÉTICOS QUE CONDICIONAM A RESISTÊNCIA ÀS RAÇAS DE HEMILEIA VASTATRIX BERK ET BR. DOS CLONES-TIPO DOS GRUPOS 1, 2 E 3 DE DERIVADOS DE HÍBRIDO DE TIMOR

	BACK
	SOCIEDADE PORTUGUESA DE GENÉTICA
	SOCIEDADE PORTUGUESA DE GENÉTICA


	Illustrations
	ÓRGÃO DA SOCIEDADE PORTUGUESA DE GENÉTICA
	Fig. 2-Growth of Ara-mutants (IGCg704, 707, 708, 716 and 724) and of the Ara+ control (BR151) in C medium with 0.1 % casein hidrolysate in the presence (★) and absence of 0.2% L-arabinose.-amount of ketopentose accumulated in the cultures after 5 hours incubation
	Fig. 1-Location of the regulatory gene araC, and other ara mutations (a.), and of the structural genes araA, araB and araD (b.) in the B. subtilis chromosome. Distances are expressed as percent of recombination (100-percent of cotransduction). The arrows point the unselected makers.
	Untitled
	Untitled
	Untitled
	Fig. 1-849/1 (SH?): a) Abundant sporulation Reaction 4; b) Callose (C) only around some haustoria and haustorial mother cells (arrows) in one chlorotic zone – UV light (x400). Fig. 2 – 128/2 (SH1SH1): a) Reaction flt; b) Senescent mycelium in the mesophyll between cells of the tumefaction (x150); c) Lignified cells (L) around aborted hypha showing disseminated callose (C) – UV light (x400).
	Untitled
	Untitled
	Untitled
	Untitled
	Fig. 3-128/1 (SH1sh1): a) flt and dispersed chloroses with scarce sporulation; b) Mycelium distributed in the mesophyll and a uredosporic sorus (x250); c) Senescent mycelium in post-anchor stage with altered cells around it (x400). Fig. 4—H 168/8 ((849/1 X 128/2) – SH?X SH1 – flt and chloroses with abundant sporulation. Fig. 5—110/5 (SH4SH4SH5SH5): a) Reaction flt; b) Lignified cells (L) around the aborted hypha with callose dots (C)-UV light (x400).
	Untitled
	Untitled
	Untitled
	Untitled
	Fig. 6—H 310/2 ((19/1 X 110/5) – SH5 X SH4SH5): a) Reaction flt-, b) Senescent mycelium in a post-anchor stage; cells with thickened wall (x400). Fig. 7—H 454/43 ((849/1 X 110/5) – SH?X SH4SH5): a) flt and dispersed chloroses with scarce sporulation; b) High density of mycelium in a chlorotic zone (x250); c) Senescent mycelium in the first layers of spongy parenchyma and between cells with thickened walls (x250).
	Untitled
	Fig. 8-Percentage of infections which aborted at different phases (1-appressorium; 2-penetration hypha; 3-anchor; 4-post-anchor) in the hosts 128/2 (SH1SH1), 128/1 (SH1sh1), H 168/8 [(849/1 X 128/2)-SH2 X SH1]. Phases of abortion Post-anchor Apprcssorium Pcnctration Anchor hypha
	Fig. 9-Percentage of infections which aborted at different phases (1-appressorium; 2-penetration hypha; 3-anchor; 4-post-anchor) in the hosts 110/5 (SH4SH4SH5SH5), H310/2 [(l9 X X 110/5) – SH5 X SH4SH5] and R 454/43 [(849/1 X 110/5) – SH? X SH4SH5], Phases of abortion Post-anchor Appressorium Pcnelration Anchor hypha
	Untitled
	Untitled

	Tables
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled


