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RESUMO

O amendoim € um produto de grande importancia mundial para a indastria de
alimentos, sendo bastante representativo no Brasil que € um dos maiores produtores
e consumidores dessa oleaginosa. Grande parte da producédo esta concentrada nas
regides Sudeste, Centro-Oeste e Nordeste. Nesta ultima regido, o clima € um fator
limitante ao seu cultivo, embora alguns tipos botanicos apresentem tolerancia as
condicbes de estiagem prolongada. O presente trabalho teve como objetivo
identificar genes diferencialmente expressos em amendoim, submetido a estresse
hidrico, que possam auxiliar nos programas de melhoramento genético da cultura na
regido Nordeste. Para este estudo a cultivar Senegal 55437, de reconhecida
tolerancia a seca, foi submetida a cinco dias de estresse hidrico em condi¢des de
casa de vegetacdo. O RNA total foi coletado a partir de tecidos foliares, quando as
plantas atingiram 50% de fechamento estomatico. Para a identificacdo de genes
diferencialmente expressos, procedeu-se ensaios de RT-PCR utilizando-se primers
ISSR. Os c-DNAs obtidos foram reamplificados, purificados, ligados em vetor
PGEMT-Easy e clonados em Escherichia coli, célula INFa (Invitrogen). Foram
obtidos vinte e nove fragmentos de cDNA dos quais dezessete na condi¢do de sub-
regulados, dois super-regulados e dez ativados, estes ultimos encontrados apenas
nas amostras estressadas, os quais foram sequenciados. As sequUéncias obtidas
foram comparadas em bancos de dados, evidenciando os bancos de Arabidobis
thaliana e Arachis. Dentre as sequUéncias, quatro apresentaram homologia com
genes conhecidos e envolvidos em rotas metabdlicas de resposta a fatores abiéticos
e bidticos. Uma dessas seqiiéncias com cerca de 700 pb apresentou homologia com
a proteina Arabinogalactana 10 de A. thaliana. Essa proteina estrutural presente nas
folhas, caules e raizes dos vegetais esta associada a processos regulatorios
iniciados durante a perda de agua pela célula, cujos genes envolvidos promovem
aumento da protecao do citoplasma, organelas, membranas celulares, alteracbes do
potencial celular osmoético e maior regulacdo da expressdo de outros genes. O
resultado aqui obtido sugere uma possivel relagcdo desse gene no envolvimento das

rotas de resposta ao estresse hidrico.

Palavras-chaves : Arachis, expressao diferencial e estresse hidrico.
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ABSTRACT

Peanut is a worldwide important product for food industries. In Brazil this crop is quite
representative due its high consume. Most part of production is concentrated in the
Southeast, Center-West and Northeast regions. In this last one, the wheather is a
limiting factor for the crop; however, some botanical types present tolerance to
prolonged dry conditions. The aim of this work was to identify genes differentially
expressed in a peanut cultivar submitted to water stress which could aid on selective
processes in the improvement programs carried out with this crop in the Northeast
region. The cv. Senegal 55437 was chosen for this study due its recognizable
tolerance to drought. It was submitted to five days of water stress under greenhouse
conditions. The total RNA was collected from foliar tissues when plants reached 50%
stomatic closure. RT-PCR assays were performed using ten ISSR primers and the c-
DNAs obtained were re-amplified, purified and cloned into Escherichia coli, INFa cell
(Invitrogen). A total of twenty-nine cDNA fragments were obtained, being seventeen
at the down regulated condition, two at over regulated and ten activated. These later,
only found in stressed samples, were sequenced. Sequences obtained were
compared into databanks, focusing on Arabidobis thaliana and Arachis banks, and
four showed homology with genes which are involved in metabolic routes to abiotic
and biotic factors. One of these sequences, with about 700pb, showed homology
with Arabinogalactan protein 10 of A. thaliana. This structural protein present in the
leaves, stems and roots is associated to regulatory processes initiated during the
water loss by the cell, which genes increase protection to the cytoplasm, organelles,
cell membranes, cellular osmotic potential alteration and improve better regulation in
the expression of other genes. The result here obtained suggests a possible relation

of this gene with the response routes to water stress.

Key-words : Arachis, differential expressed and drought stress.
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INTRODUCAO GERAL
Consideracoes gerais sobre a cultura do amendoim

O amendoim é a quarta oleaginosa mais importante no mundo com cerca
de 22 milhdes de hectares plantados. Tem como principais produtores a China
seguida da india e dos Estados Unidos, onde cerca de 8 milhdes de toneladas
anuais de graos sdo destinados ao consumo in natura ou a industria de confeitaria
(FAO, 2007). Ainda nestes paises, 18 milhdes de grdos sdo esmagados para
fabricacdo de Oleo comestivel. A China, os Estados Unidos e a Argentina
destacam-se como maiores exportadores, devido a qualidade dos graos. A Unido
Européia, Indonésia e Japdo aparecem como maiores importadores (FNP, 2006).

Os grédos do amendoim séo reconhecidos pelo alto teor de proteinas (20 a
25%) e oOleo (45 a 52%), podendo ser consumidos in natura, como 6leo
comestivel, na indastria de confeitaria ou ainda como ra¢do animal (CARLEY e
FLETCHER, 1995; GODOY et al., 2005). Os graos contém ainda, carboidratos,
fibras, vitaminas E e B, acido fdlico, calcio, fésforo, magnésio, zinco, ferro,
riboflavina, tiamina e potassio. O 6leo contém &cidos graxos insaturados tais
como acidos oléicos e linoléicos (GODOQY et al., 2005)

Segundo estudo realizado por Freitas e Amaral (2002), o Brasil foi
destaque na producédo de amendoim na década de 70, quando a producao interna
era destinada ao esmagamento para obtencdo do Oleo comestivel, que
juntamente com o farelo foi explorado para a produgcdo externa. Mas a década
seguinte foi marcada com o declinio da producéo por consequéncia da diminui¢éo
da area plantada, entdo substituida por culturas como a soja e a cana-de-acucar
somada ao elevado custo de producéo, a suscetibilidade as variacfes climaticas,
contaminacdo por aflatoxina e ao baixo rendimento por area (ROCHA e
BARBOSA, 1990; ALMEIDA, 1996). Na década de 90 houve uma mudanca no
mercado do amendoim com aumento do consumo in natura e declinio nas
aguisicdes dos graos para esmagamento e consequente reducédo da producéo e
exportacdo de subprodutos, direcionando a producgdo interna a industria de
confeitaria que requer melhor qualidade do produto (FREITAS e AMARAL 2002).

Atualmente a producéo brasileira de amendoim € da ordem de 234,3 mil

toneladas, sendo grande parte dessa producao gerada no estado de Séao Paulo,
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responsavel por 80% da produc¢do nacional (CONAB, 2007). A regido Nordeste é
a segunda maior consumidora dessa oleaginosa, todavia a producdo gerada
ainda é baixa, cerca de 15 mil toneladas (IBGE, 2007), insuficiente para a
demanda regional. A producdo agricola nacional destina-se ao mercado de
consumo in natura e confeitaria. E para atender estes segmentos, a qualidade do
produto, especialmente no aspecto fitossanitario, € imprescindivel e isso tem sido
atendido por meio de programas de esclarecimento e cooperativas no Sudoeste
do pais.

O género Arachis, pertence a familia Fabacea, subfamilia Papilionoideae e
agrega nove secdes (Erectoides, Trierectoides, Extranervosae, Triseminatae,
Heteranthae, Caulorrhizae, Procumbentes, Rhizomatosae e Arachis), subdivididas
com base nas relacdes filogenéticas, similaridades morfologicas, compatibilidade
de cruzamentos interespecificos, viabilidade de pdlen e no numero e morfologia
cromossdmica (KRAPOVICKAS e GREGORY, 1994).

O provavel centro de origem primario do género Arachis € a Serra do
Amambai, situada entre o Mato Grosso do Sul e o Paraguai (GREGORY, et al.,
1980). O género agrega oitenta e uma espécies, das quais sessenta e nove foram
descritas por Krapovickas e Gregory (1994) e as demais por Valls e Simpson
(2005), todas com ocorréncia natural na América do Sul, estendendo-se ao leste
dos Andes, sul da Amazobnia, norte da Planicie Platina e Noroeste da Argentina.
De acordo com Krapovickas e Gregory (1994) e Pefialoza et al., (2001), trinta e
uma destas espécies estao incluidas na secao Arachis e quarenta e sete ocorrem
exclusivamente no Brasil.

A maioria das espécies do género é diploide com 2n=2x=20 cromosSsomaos,
ja o amendoim cultivado, A. hypogaea € um alotetraploide com 2n=4x=40
cromossomos (FERNANDEZ e KRAPOVICKAS, 1994). A. hypogaea, pertence a
secdo Arachis e é subdividida em duas subespécies, com ocorréncias distintas
desde as Américas do Sul e Central, Asia e Africa. Estas agregam seis
variedades botéanicas, caracterizadas pelo ciclo, habito de crescimento e
ramificacbes (reprodutivas e vegetativas). A. hypogaea subespécie hypogaea,
inclui as variedades hypogaea (grupo Virginia) e hirsuta, ambas caracterizadas
por ciclo longo, habito de crescimento rasteiro, semi-rasteiro e arbustivo e

sementes de tamanhos que variam do médio ao extragrande (KRAPOVICKAS,
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1998); A. hypogaea L. subespécie fastigiata, inclui as variedades botanicas
fastigiata (grupo Valéncia), vulgaris (tipo agricola Spanish), peruviana e
aequatoriana, todas com ciclo curto, habito de crescimento ereto ou semi-ereto,
sementes pequenas ou médias e com centros de diversidades que incluem o
Brasil, a Argentina, o Peru e o Paraguai (KRAPOVICKAS, 1995).

As cultivares em distribuicdo no Brasil pertence as subespécies hypogaea
e fastigiata, sendo esta ultima a de maior preferéncia no mercado nacional de
consumo in natura por ter sementes de coloracdo vermelha, ciclo curto e porte
ereto (SANTOS et al., 2005).

No aspecto reprodutivo, 0 amendoim apresenta-se como uma planta
monoica que apresenta flores hermafroditas, agrupadas em inflorescéncias com
até cinco flores, formadas nas axilas das folhas compostas, cujo florescimento
ocorre sobre o solo (GODOY et al., 1989). A frutificacdo, particular ao género,
ocorre apos fertilizacdo da flor que busca o solo (geotropismo positivo) para
formar o ginoforo, popularmente conhecido como “peg” ou esporéo. Este cessa 0
alongamento iniciando a formacéo do geocarpo (vagem) onde se desenvolvem as
sementes (ZAMSKI e ZIV, 1976).

As sementes podem variar em namero, coloragdo e tamanho entre os
grupos Valéncia, Spanish e Virginia. O primeiro apresenta de trés a seis sementes
por vagem, de tamanho médio e coloracdo vermelha (Figura 1A). O grupo
Spanish tem duas sementes por vagem, de tamanho pequeno e coloracao bege
(Figura 1B), enquanto que, o grupo Virginia tem duas sementes por vagem, de
tamanho grande ou extragrande e frequientemente bege (Figura 1C). Quanto ao
florescimento, plantas do tipo ereto florescem entre os 28-30 dias apds o plantio
(dap) enquanto que as plantas do tipo rasteiro crescem entre 36-38 (dap)
(SANTOS et al., 1997).

Nessa cultura, a morfologia floral contribui para uma elevada taxa de
autofecundacédo, o que leva a uma reducdo de variabilidade genética intra-
especifica e, por conseguinte, reduz as chances do surgimento natural de
gendtipos melhorados. No entanto, esta situacdo pode ser contornada realizando
cruzamentos controlados, utilizando progenitores superiores pré-definidos pelos

programas de melhoramento.
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Figuras 1. Padrdo das sementes dos genoétipos de amendoim dos grupos
Valéncia (A), Spanish (B) e Virginia (C).

Aspectos fisioldgicos do déficit hidrico na cultura do amendoim

Na agricultura, denomina-se seca o fenbmeno meteorolégico onde a
precipitacdo nao € suficiente para manter o potencial de evapotranspiracédo de um
campo cultivado, ou seja, ocorre um déficit hidrico em relagdo ao suprimento
requerido por determinada cultura (ROCKSTROM e FALKENMARK, 2000).
Porém, esse termo é mais bem explicado por Passioura (1997), o qual adequou a
uma circunstancia onde as plantas reduzem o crescimento e a produtividade, por
insuficiente suprimento hidrico interno, mesmo havendo agua no solo e ao déficit
de umidade do ar. Kramer e Boyer (1995) ressaltam que os efeitos do estresse
hidrico sdo variaveis em fungdo do tempo de exposicdo ao mesmo e do estadio
de desenvolvimento da planta durante o qual a seca ocorre.

De acordo com Turner (1981), os efeitos do estresse hidrico acometem a
planta desde seu crescimento até a frutificacdo. DURAES et al. (2004)
classificaram trés tipos de tolerdncia & seca e seus possiveis mecanismos: (i)
escape a seca ou habilidade das espécies cultivadas de completarem seu ciclo de
vida antes de desenvolverem um sério déficit hidrico (mecanismos envolvidos:
precocidade e recuperac¢do); (ii) tolerancia a seca em alto grau de déficit hidrico,
ou seja, habilidade das espécies cultivadas em tolerar prolongados periodos
secos (mecanismos: manutencdo da absorcdo de agua e reducdo da perda de

agua) e, (iii) habilidade das espécies cultivadas em tolerar prolongados periodos
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secos e resistir a dessecacdo (mecanismos: manutencdo do turgor e tolerancia a

desidratacéo) (Figura 2).

Popeegeniu ily B3ieuiio

Desidratacao s Reducao do LEII" oo lTurosor

TR e

G

Figura 2. Esquema da percepcao do estresse hidrico pelas plantas.
Nepomuceno et al. (2001).

As folhas séo as principais responsaveis pela demanda evaporativa da
atmosfera, que ao se elevar requer maior fluxo de agua no sistema solo-planta-
atmosfera. E nas folhas que ocorre a primeira mudanca em resposta a seca, que
€ a inibicdo da expansdo foliar e, por conseguinte, menor transpiragao,
principalmente no inicio do déficit hidrico (TAIZ e ZEIGER, 2004). A arquitetura
das folhas, mudando o angulo de interceptacéo da radiacéo solar e 0 aumento da
senescéncia, sdo outras adequacdes das folhas em situacédo de estresse hidrico
(SANTOS e CARLESSO, 1998). Portanto, em decorréncia da diminuicdo da area foliar
fotossintética ativa, o equilibrio entre @ producao de assimilados e a demanda para o
desenvolvimento dos 6rgéos reprodutivos sao severamente afetados (GERIK et
al., 1996), influenciando diretamente a producdo agricola, uma vez que a
capacidade de transformacdo de energia luminosa em energia quimica
(carboidratos), no processo de fotossintese, é prejudicada.

De acordo com Lopes et al. (1998), o déficit hidrico reduz o indice de troca
de CO; e a sua conducao para as folhas, além de reduzir a concentracdo desse
gas nos espacgos intercelulares. Por isso é importante o estudo da condutancia
estomatica durante o processo de déficit hidrico, visto que sdo os estdmatos que

15
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controlam a difusdo de CO, e de vapor de agua. Apesar de permitir uma maior
conservacdo de agua, o fechamento dos estbmatos causa reducdo da
assimilacado de CO, e, consequientemente, diminuicdo da produtividade (PLAUT,
1994). Pallas et al. (1979) estudaram as respostas adaptativas dos estbmatos
frente ao estresse hidrico e observaram que o amendoim e a soja recuperam a
funcdo estomatica mais rapidamente que outras espécies quando 0O estresse
hidrico é atenuado. Adicionalmente, Clavel et al. (2004) estudaram o potencial
agronémico e fisiolégico em gendtipos de amendoim, sensiveis e tolerantes ao
estresse hidrico, e reportaram que a cultivar Senegal 55437 teve maior coeficiente
de particAo e a producdo foi relativamente maior entre as demais cultivares
estudas, constatando a tolerancia dessa cultivar a diferentes niveis de déficit
hidrico.

O amendoim apresenta alguns mecanismos bioldgicos para se estabelecer
em condicbes de estresse. Tavora e Melo (1991) citaram diminuicdo de area
foliar, precocidade e capacidade de aprofundar suas raizes. A planta apresenta
ainda a capacidade de recuperar a funcdo estomética a medida que o nivel
hidrico é restabelecido, como mecanismos de adaptacdo ao estresse hidrico
(TAVORA e MELO, 1991; GUIMARAES, 1993; NOGUEIRA et al., 2000).

Outros mecanismos de resposta fisiolégica e molecular diretamente
relacionado a resposta das plantas superiores ao déficit hidrico sdo: o ajuste
osmatico, o acumulo de prolinas e a concentracdo de agucares solUveis, muitos

deles funcionando como osmoprotetores (MULLER et al., 1995).

Aspectos moleculares relacionados ao estresse hidri co

Os aspectos moleculares de tolerancia a seca envolvem um complexo de
mecanismos fisioldgicos e moleculares, cujas respostas representam uma
cascata de eventos que sado ativados ou desativados pela percepgéo do estresse
(BRAY, 1993). A maioria dos processos moleculares relacionados a seca envolve
modificacdes transcricionais da expressao génica. De acordo com Bray (2002), os
produtos génicos sdo divididos em dois grupos: (i) aqueles que regulam a
expressao génica e a transducao de sinal durante a resposta ao estresse e (ii)
agueles que protegem diretamente as células contra estresses ambientais.
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Varios autores tém conseguido identificar genes envolvidos com as rotas
de resisténcia ao estresse hidrico. Nepomuceno et al. (2000) construiram uma
biblioteca subtrativa de algoddo e obteve um clone que apresentou homologia
com uma NADP(H) oxidase, expressa somente na condi¢cdo de estresse hidrico
de um gendtipo de algodéo tolerante a seca. Jain et al. (2001), utilizando a técnica
de Differential Display, obtiveram 43 transcritos de amendoim com resposta a
esse mesmo tipo de estresse. Destes, doze foram submetidos as a analise por
dot blot e por comparacéo de expresséao, dois foram indicados como marcadores
moleculares para este carater.

Em soja, Casagrande et al. (2001) identificaram sequéncias homologas a
um ativador de transcricdo, expresso na raiz da cultivar tolerante, o qual pode ser
importante na identificagdo de um promotor de expressao desse gene especifico
para raiz de soja. Nas folhas da mesma cultivar, os autores encontraram uma
sequéncia homéloga com uma enzima NADH desidrogenase, que estédo
diretamente envolvidas na fosforilacdo oxidativa e, consequientemente, tem papel
chave no fornecimento de energia na célula (DEY e HARBORNE, 1997). A
presenca dessa enzima numa cultivar tolerante pode esta relacionada a producao
de energia, cuja diferenca na expressdo pode ser devida a maior ou menor
tolerancia ao estresse hidrico.

Liu e Baird (2003), tentando identificar genes relacionados a estresse
hidrico e salino em girassol, identificaram cinco sequéncias de genes homologos
relacionadas a tais estresses, entre 0s quais: kinases, Lyt B, poliproteinas e
outras ainda em estudo quanto as suas funcdes. As proteinas Kinase ja foram
estudadas quanto a sua ativacdo no mecanismo de resposta das plantas ao
estresse hidrico. JONAK et al. (1996), estudando sinalizacdo do estresse em

plantas, reportaram que o gene p44™m

codifica para uma Kinase ativada por
mitdgenos, cuja via é ativada quando a planta encontra-se em estresse ao frio e a
seca, contudo, ndo responde ao estresse por alta salinidade.

Dure (1993) e Bray (1993) procederam a estudos de genes que codificam para
as proteinas LEA (proteina abundante da embriogénese tardia), em resposta de
plantas a falta de agua e consideraram que este grupo de genes esta associado a
adaptacdo das plantas a seca, cuja principal funcdo esta relacionada com a

protecdo de membranas e maturacdo de chaperonas. Embora a funcdo das
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proteinas LEA ainda ndo esteja bem esclarecida, sua estabilidade, afinidade por
moléculas de agua e abundancia em organismos que toleram a desidratacao,
sugerem a importancia de seu papel na tolerancia a dessecacéao (Blackman et al.,
1991). Dramé et al. (2007), constataram o acumulo de proteinas LEA nas folhas
de um gendtipo de amendoim tolerante a seca, sugerindo seu envolvimento na
tolerancia ao estresse hidrico para esta cultura. A mesma situacao foi observada
em plantas transgénicas de arroz estudadas por Chandra-Babu et al. (2004).

Shinozaki e Yamaguchi-Shinozaki (1999) sugeriram que genes induzidos pela
falta de agua séo ativados por duas rotas de percepcao e transmissao do sinal de
estresse, um ABA-dependente e outro ABA-independente, o que corrobora com
estudos de Lang e Palva (1992), os quais relacionam os genes de resisténcia a
seca com os indutores do fito-hormonio acido abscisico (ABA). Lee et al. (2003)
citam genes da familia das histonas e de dominios ricos em leucina, estudados
em A. thaliana como induzidos pelo déficit hidrico, embora, Ascenzi e Gantt,
(1999) nédo tenham observado mudancas na resposta a seca, quando induziram
genes H1 da familia das histonas no meristema apical de A. thaliana sob condicdo
de estresse. Ja em plantas transgénicas de tomate, Scippa et al. (2004)
observaram reducéo da expresséo dos genes dessa familia quando submetidas a
longos periodos de seca. De acordo com Bray (1993) a concentracdo de ABA é
alterada em diferentes condicbes de seca e envolve complexas cascatas de
eventos moleculares e isto explica as diferentes expressdes dos genes envolvidos
com este fito-hormonio e genes relacionados

Outro estudo associado a resposta a seca envolve produtos génicos
relacionados inicialmente a resposta ao choque térmico, os HSP (Heat Shock
Proteins), inicialmente relacionados a prevencdo das plantas contra a
desnaturacdo de proteinas provocada pela desidratacdo celular causada pelo
estresse hidrico (ZHU et al.,, 1993). Em algoddo, Nepomuceno et al. (2002),
utilizando a técnica de differential display, obtiveram seqtiéncias homélogas com
genes dessa familia expressas em folhas de gendétipos tolerante ao estresse
hidrico. Estudo similar foi feito em soja por Harborne (1997), que obteve, entre
outras seqiiéncias, uma homologa aos genes HSP, sugerindo aprofundamento de
estudos sobre a participacdo desses genes nos mecanismos de tolerancia ao

estresse hidrico.
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Em Arabidobis thaliana foram encontradas proteinas da classe das
arabinogalactanas (AGPs), que sdo proteoglicanas essenciais na regulacao da
expressdo e na divisdo celular (DING et al.,, 1997). Estas estdo presentes nas
folhas, raizes e caules de plantas superiores, sendo verificadas em estudos da
expressdo de genes submetidos a estresse abidtico (SHOWALTER, 2001). Em
trigo e arroz, Faik et al. (2006), analisaram a expressdo de genes dessa familia
em sementes e raiz e encontraram 70% de homologia dos genes estudados com
genes de arabinogalactanas. Em estudos anteriores, Johnson et al. (2003),
analisaram a repeticdo de sequéncias tags (ESTs) das proteinas FLAs em A.
thaliana e dividiram em grupos, onde FLAl, FLA2 e FLAS8, podem estar

envolvidas no desenvolvimento da planta e na resposta ao estresse abiotico.

Utilizacdo de marcadores do tipo ISSR como ferramen ta auxiliar no

melhoramento de plantas

A técnica de ISSR (Inter Simple Sequence Repeats), desenvolvida por
Zietkiewicz et al. (1994) consiste na amplificacdo por PCR utilizando primers
semi-arbitrarios com oligonucleotideos de 16-17 pb que anelam entre dois loci de
regides microsatélite (QUIAN et al.,, 2001). Essa técnica requer menor
concentracdo de DNA que as técnicas de RAPD (Random Amplified Polymorphic
DNA), SSR (Simple Sequence Repeat) e AFLP (Amplified Fragment Length
Polymorphism) e possui as vantagens dos marcadores microsatélites (SSR), tais
como: alto polimorfismo, reprodutibilidade, confiabilidade, baixo custo operacional
e facilidade de manuseio (DJE et al., 2006).

A técnica de ISSR vem sendo empregada na identificacdo de cultivares em
diversas espécies de plantas, como o arroz (JOSHI et al., 2000; QUIAN et al.,
2001), feijio (AJIBADE et al., 2000), macd (GOULAO e OLIVEIRA, 2001),
morango (ARNAU et al., 2003) e amendoim (RAINA et al., 2001).

Considerando que a tolerancia a seca nao é uma caracteristica simples e que
envolve um complexo de mecanismos para evitar ou tolerar periodos de déficit
hidrico, investigar o comportamento fisiolégico e molecular de plantas sob
condicdo de estresse hidrico € imprescindivel para o entendimento de como

esses eventos acontecem. Os resultados entdo obtidos podem ser utilizados no
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desenvolvimento de ferramentas para auxiliar nos processos de selecédo dos
programas de melhoramento.

O objetivo deste trabalho foi prospectar transcritos diferencialmente expressos
em uma cultivar amendoim tolerante ao estresse hidrico por meio de marcadores
do tipo ISSR.
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Abstract

Prospecting of differentially displayed genes wasfgrmed using ISSR primers in a
drought-tolerant peanut variety submitted to wategss. RNA was collected when plants
reached 49.7 % stomatal closure (measured throogimetry) from leaves located in the
upper third of the plant at 9:00 am. Reverse tnapisocn was performed for each sample
with the appropriate kit using ISSR primers. Thensgprocedure was performed in the
PCR, where each primer was again used with theecéisp c-DNA sample, which was re-
amplified, linked into a plasmid vector and clonetb bacteria then sequenced. A total of
twenty-nine differential display products were abee in down-regulated, up-regulated
and activated conditions. The new (actived) trapserwere just found in the stressed
samples. Among the sequences obtained and comipad@tbbanksArabidopsis thaliana
andArachis databanks), four exhibited homology with known gemeolved in metabolic

pathways in response to abiotic and biotic factors.

Key words: differential display, peanut, abioticests
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Introduction

The peanut is a crop of considerable economic espigy worldwide. It is
cultivated in a number of countries under the nidgerse environmental conditions. The
plant exhibits considerable plasticity in its plofsgical mechanisms, which enables it to
adapt to environments with expressive climaticateoins, especially in semi-arid regions,
where a large area of production is concentrategiiih et al., 2006).

According to Boote et al. (1982), under conditiasfswater unavailability, the
peanut triggers a genetic command to deepen its @wd extract water from a greater
depth in order to contain desiccation during pesiad low precipitation. Production,
however, is reduced, as the absorption of watan feo greater depth is insufficient in
providing the entire evaporative demand of the crop

Despite the ability of the peanut to tolerate sand- environments, water stress
reduces growth, but depending on the timing, veiyetand reproductive growth may not
be influenced in the same way. For example, drowghty in the growing season of
upright and runner genotypes has a relatively sefédct on pod productions than it takes
place during the phases of flowering through tofilfiag of the grains (Tavora and Melo,
1991; Nogueira and Santos, 2000). According to Moguand Tavorg2005), water
deficit alters different physiological processegplants, including an increase in diffusive
resistance to water vapor through the closing efstiomata, thereby reducing transpiration
and, consequently, the supply of £f0r photosynthesis. Many of these effects reflect
adaptation mechanisms in the plants to the aridc@mwent. Other mechanisms associated
to drought tolerance have been reported, sucheasapability of root growth or attributes
linked to the plant phenology. Genotypes that hhig partition coefficients (greater
efficiency in the translocation of photoassimilateshe reproductive part), for example,

tend to exhibit less tolerance to water stress @eagra et al1989).
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In Brazil, the greatest area of peanut product®mrancentrated in the southeastern
region. However, producers in the northeasterroregave been increasingly peanut crop
due to its short cycle, adaptation abilities anttaative market (Santos et aRp05).
Climatic adversity is constant in this region, esakly regarding the distribution and
amount of rainfalls. Thus, the selection of genesyfolerant to the semiarid environment
is a constant concern in genetic breeding develtyyeesearch companies. According to
Miyasaka and Medina (1981), this abiotic componaffects the efficiency of the
photosynthesis process on the molecular level girdhe desiccation of the cytoplasm, as
well as on the physiological level due to stomatakure. As mechanisms of resistance
and/or tolerance to biotic and abiotic factors @eplex the molecular level, its study is
essential to the understanding of physiological laeghemical responses when plants are

submitted to these factors, as genes that maydoeiated to a combination of both.

A number of studies in the literature have ideetlficrops that are resistant to biotic
and abiotic stresses by means of molecular todsd@rande et al., 2001; Gopalakrisna et
al., 2001; Nepomuceno et al., 2002; Mishra et al., 20R&nsink et al., 2005). In peanut
crops, Jain et al, (2001) identified down and ugutated transcripts from resistant and
sensitive genotypes to water stress. Bertioli e{20003) identified genes involved in the
mechanism of resistance to disease in varietiesrathis. For genetic improvement, the
identification of such genes can significantly cdnite to the understanding of
mechanisms associated to water stress and to aemnediable molecular markers in studies

involving screening processes.

A number of PCR-based methods have been adaptedhéoridentification and
characterization of genes that are differentiallypthyed, including Differential Display

(DD), cDNA-AFLP and subtractive libraries to morephisticated methods, such as
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Microarray and SAGE. All have their own peculiggj limitations, advantages and

operational costs (Mishra et al., 2005).

The aim of the present study was prospecting @iffeally displayed genes through the
PCR methods used in our routine procedures, by sneiSSR primers in peanut plants

submitted to water stress.

Material and Methods

Material used and differentiation of treatments

The African peanut cultivar Senegal 55 437 wascsedefor the present study, due
it is highly tolerant to semi-arid conditions, shoycle (75 to 85 days) and earliness (Boote
et al.,, 1982, Tavora and Melo, 1991; Nogueira et@&an2000). Seeds obtained from
Embrapa Algodao (access CNPA 76 AM) were sown iits pmontaining previously
corrected and fertilized soil, into a greenhousedhltivation needs. Plants were irrigated
daily for 25 days, at which point the treatmentgendifferentiated into control (regular
water supplementation, maintaining field capaciB) vases) and stressed (water
suppression until achieving 50% stomatal closufey&ses). Transpiration and diffusive
resistance were monitored daily using a LICOR dyisagquilibrium porometer (modelo
LI/ 1600). By means of previous trials, at 9:00 achedule was established for the
analysis of expanded leaves located on the upjrer ¢h the main axis. On the fifth day
following the suspension of irrigation, when theessed plants had reached 49.7%
stomatal closure in comparison to the control glafgaves from the middle third were
collected and duly conditioned in liquid nitrogeor fthe immediate extraction of total

RNA.
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RNA extraction and RT-ISSR reactions

Total RNA was extracted from fresh young leavegy)lusing a Trizol reagent
(Invitrogen) and RNAse free. RNA purity and concatibn were analyzed by denatured
agarose gel (1.2%) measuring the absorbance 2&baMm.

The reverse transcription reaction was performéugusie M-MLV kit (Invitrogen)
with the addition of 2.5 pL (10 pmoles/uL) of egmimer (Table 1), 1.25 puL of dNTP 10
mM, 1 U M-MLV enzyme and 100 ng of RNA for a finablume of 20 uL a described by
manufacture’s instructions. PCR amplifications weerformed in 50 puL of reaction
mixtures containing the following reagents: 5 pLo®iNA, 10 uM of primer, 1 Unit of
Tag DNA polymerase, 0.25 mM of each dNTP, 25 mMVgfICl» and 1x reaction buffer
supplied with the enzyme (Invitrogen). Ten ISSRrais from the UBC series (University
of British Columbia) were used. The PCR program \wagormed in a (Mastercycler
gradient, Eppendorf)rogrammed as follows: an initial heating at°@3 5 min, 30 cycles
of denaturing at 94C/ 30s, annealing at 4&/45 s, extension at 7Z/ 2 min and a final
extension cycle at 72C/7 min. The ISSR amplification products were mixeth equal
volumes of loading dye (98% formamide, 10 mM EDBAd 0.05% xylene cyanol) and
Sybr gold (Invitrogen) and load on agarose gel%).8A 1 Kb marker (Ladder plus,
Invitrogen) was included to estimate band sizeserAhat the gel was analyzed under UV

light and digitally photo-documented (Vilber Lourina

Purification of samplesand cloning

Amplified fragments from the active transcriptstle stressed plants were purified
from the gel using the SNAP kit (Invitrogen). Onequi3aliquot (20 ngiL) was used for
cloning in the pGEMT-Easy vector (Promega) and tbaction incubated at 4C

overnight. Transformants were obtained fr&stherichia coli, INFa cell (Invitrogen) by
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thermal shock, and the plasmid DNA (miniprep) wasfgrmed using the Wizzard kit
(Promega). All molecular procedures were performaatording to manufacturer’s

recommendations.

Sequencing and Analysis

One aliquot of each miniprep (20 pg) was sent for sequencing at the Human
Genome Research Center, of the Universidade dePs&do, Brazil. The nucleotide
sequences obtained from the sequencing of theeatrtwscripts were analyzed using the
BLASTN program (Basic Local Alignment Search To&m the National Center for
Biotechnology Information-NCBI (http://www.ncbi.nlmh.gov), focusing on the

availableArabidopsis thaliana andArachis databanks and aligned in ClustalX 1.87

Results

Twenty-nine fragments were obtained from the IS$iRgrs used in the present
study. Seventeen were down regulated (C1, C2, @3C6, C6, C7, C8 and C9; Figures 1-
A, 1-B and 1-C); two were up regulated or inducéd @nd E7; Figures 1-A and 1-C,
respectively); and ten were activated (E1, E2,B5l,E7 and E8; Figures 1-A, 1-B and 1-
C). Primer 827 generated the greatest number médrgts — four down regulated, one up-
regulated and one activated. However, the greatestber of activated transcripts was
obtained with primer 846 (Table 1). Both primers ach in AC repetitions. No discernible

band was detected with primer 838.

Among the activated transcripts sequenced, justdenes were involved in stress
mechanism pathways when compared toAhéhaliana and Arachis databanks. Table 2

displays a summary of the main results obtainewh fitte sequenced transcripts.
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The transcript obtained with primer 812 (t812) aé#id with a class of TIR-NBS-
LRR proteins fromA. thaliana (NM123889),with lysine-rich motifs, and is involved in
plant defense processes against disease. The saseobtained with transcript t884
(NM128455). Transcript t808 aligned with a gend ttwdifies for arabinogalactan proteins
(AGPs) from the glycoprotein family (Figure 2) at8#6 aligned with proteins from the
hydrolase family (peptidyl-tRNA), both froiA. thaliana. When compared in th&rachis
databanks, however, only transcripts t884 and &#@fmed with genes involved in biotic
stress pathways, both linked to disease resist@uters of the type PLTR (AY747418)

and NBS (AY157777), respectively.

Discussion

The submission of plants to a particular stresslitimm triggers a specific response related
to the current state of the plant, generating l@agdbal and physiological processes that
are interrelated to the event in question. Reggrdie molecular aspect, Mittler (2006)
reports that, for each stress condition to whighptant is subjected, a unique response is
generated and little overlapping in the display tadnscripts is found when stress
conditions are of an abiotic origin, caused by heéaiught, cold, salinity, high temperature
or mechanical damage. There are cases, howevahich gene pathways involved in
events of a biotic origin coincide with abiotic et® generating common pathways for
both types of stress. This is the case, for exangflehe Ros genes (Reactive Oxygen
Species) identified irA. thaliana, which act in association under both stress conwitio
According to Barcelo and Poschenrieder (1990),tplanbmitted to water stress associated
to high temperatures generate high productiofRag due to these conditions limit the
availability of CQ in the dark reaction, leaving oxygen as one of min reactive

products of the photosynthesis.
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In the present study, peanut plants were submittegater stress with the aim of
identifying differentially displayed transcripts laged to the event. From the results
obtained by sequencing, it was verified that mdsthe transcripts were associated to
biotic stress, particularly resistance to diseaddferences in the level of genetic
expression were observed in some transcripts #fabieed more intense band patterns in
the control samples when compared to the stresaetples. These transcripts were
reported as down regulated and, according to Nepenmet al. (2002), qualitative and
quantitative differences in gene expression maywodepending on the level of stress
tolerance. Mason et al. (1988) report that in soabes, water stress may suppress the
synthesis of MRNA, thereby affecting the amounprotein synthesized. The opposite was
also observed, when bands exhibited low regulaiiorthe control samples and high
regulation in the stressed ones.

The main focus of the present study, however, westeced on activated
transcripts; the regulation of which is presumedbéoassociated to the event in question.
The results verified here were relevant to the wstdading of how stress-related events
may be associated. The genes that codify the NBS-tRss protein (partially identified
in transcripts t812 and t884) are associated tegehresistance to biotic stress in superior
plants (Bent, 1996; Meyers et al., 1999) as welltles response to hypersensitivity
involving programmed cell death (Tameling et all02). This last event may be related to
the effect of the stress to which the peanut plavdse submitted. On the other hand,
arabinogalactan proteins (AGPs), was partially fified with the transcript t808 this
protein, belong to a structural class present enléaves, stems and roots of all superior
plants (Showalter, 2001) and constitute a clasprofeoglycans that are essential to the
regulation of expansion and cell division (Schimdde al., 1995). The functions of AGPs

may be associated to the regulatory processeatattiduring the loss of water from the
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cell when the cellular metabolism is adjusted (BrE§97) and the genes induced in this
event promote an increase in the protection of ¢oplasm, organelles and cell
membranes as well as alterations in cell osmotterg@ml and a greater regulation of the
expression of other genes (Bray, 1997; Shinozati¥amaguchi-Shinozaki1999). Thus,
the homology of transcript t808 with proteins dihecinvolved in cell adjustment
processes suggests a possible relationship witlesg@ssociated in the water stress
response pathway.

Figure 2 illustrates a short stretch of transci@@8 aligned with the sequence that
codifies for the AGP10 protein @&&. thaliana (NM 116972), which matched in 53% in
5’'stream of the gene. For further studies aimingldain the complete gene sequence,
which is composed of 584 bp, specific primers candesigned, seeking to use some
nucleotides degenerated due to gaps irAtlabidopsis sequence.

The results obtained from ISSR primers in the prestudy were useful to the
identification of differentially displayed productshen plants were submitted to water
stress and the understanding of the inter-relatidri®w biotic and abiotic events may be

associated.
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TABLE 1. ISSR primers used in differential dispkyd number of transcript identified in

peanut plants submitted to water stress

Down Up New
rimers Sequence
regulated regulated transcripts

(UBC)
1- 827 5- ACACACACACACACACG -3 04 01 01
2-884 5'- HB’HAGAGAGAGAGAGAG -3’ 01 - 01
3-813 5-CTCTCTCTCTCTCTCTT -3 03 - -
4-820 5-GTGTGTGTGTGTGTGTC -3 01 - 01
5-808 5- AGAGAGAGAGAGAGAGC -3 02 - 02
6- 874 5-CCCTCCCTCCCTCCCT -3 01 - -
7-812 5- GAGAGAGAGAGAGAGAA -3’ 01 01 02
8- 846 5- CACACACACACACACART -3’ 02 - 03
9-858 5-TGTGTGTGTGTGTGTGTGR -3’ 02 - -

10- 838 5- TATATATATATATATAR®C -3’ - - -

Total 10 17 02 10

Degenerated bases-H, CorT;B:C,GorT;: R: Aor G
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TABLE 2. Result of BLAST sequence alignment obtdin®y active transcripts from

cDNA-ISSR differentially displayed in peanut plastdomitted to water stress.

Identity

Clone NCBI accession Similar gene/ protein E-value  max. (%)

(lenght bp)

Arabidopsis thaliana disease resistance
812 (400) NM123889.1 0.069 82
protein (TIR-NBS-LRR class)

Arabidopsisthaliana AGP10
808 (700) NM116972.4 0.025 80
(Arabinogalactan protein 10)

Arabidopsis thaliana leucine-rich repeat
NM128455.2 0.73 84
884 (400) protein kinase

Arachis hypogaea isolate PLTRP2G09
AY747418.1 0.62 76
resistance protein PLTR gene

Arabidopsis thaliana peptidyl-tRNA
NM001085124.1 0.28 84
846 (300) hydrolase family protein

Arachis cardenasii clone C8_Y_57
AY157777.1 0.88 80
resistance protein gene
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Cl E1C2 E2 C3 E3 MI M2 C4 E4 C5 E5 M3 C6 E6 C7 E7 C8 EB C9 E9

4 Indicate down regulated
» Indicate up regulated

—» Indicate new transcript

M Ladder plus {1 kb)

FIGURE 1. cDNA-ISSR products visualized in agarogel (0.8%), obtained by
differentially displayed transcripts in peanut parsubmitted to water stress (E) and
control (C). ISSR primers: 1-827, 2-884, 3-813,20.85-808, 6-874, 7-812, 8-846, 9-858,

10-838.
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808 CTACAATTATCCATGCCTTTAGTTTGTTCGTGTTAATTGTTTATICATIGGTG TRATGTAGTGCTAGCTATGACCTACTGCARATTA
NM116972 TTATTITTAATCTITGGTTTTATGTIGTATTAAGAATTGAGTTAGCGTTTGGA CRATACARTTARATCATTAATCATATGTGTTIIT

FIGURE 2. Partial alignment of the transcript t8@8h the sequence NM116972.4 of
Arabidopsis that codifies for arabinogalactan protein
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CONCLUSOES GERAIS
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CONCLUSOES GERAIS

1. Marcadores do tipo ISSR podem ser utilizados para identificacdo de
transcritos diferencialmente expressos em plantas de amendoim

submetidas a estresse hidrico

2. O gene envolvido com a sintese da proteina Arabinogalactana 10 pode ser
utilizado como marcador molecular para trabalhos de selecdo de gendtipos

de amendoim resistentes a seca
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Anexo

Instrugcdes para publicacao na revista: Genetics and Molecular Biology
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INTRUCOES PARA AUTORES
GENETICS AND MOLECULAR BIOLOGY

SCOPE AND POLICY

Genetics and Molecular Biology (formerly named Revista Brasileira de
Genética/Brazilian Journal of Genetics - ISSN 0100-8455) is published quarterly
by the Sociedade Brasileira de Genética (Brazilian Society of Genetics).

The Journal considers contributions that present the results of original research in
genetics, evolution and related scientific disciplines. Although Genetics and
Molecular Biology is an official publication of the Brazilian Society of Genetics,
contributors are not required to be members of the Society.

It is a fundamental condition that submitted manuscripts have not been and will not
be published elsewhere. With the acceptance of a manuscript for publication, the
publishers acquire full and exclusive copyright for all languages and countries.
Manuscripts considered in conformity with the scope of the journal as judged by
the Editor in conjunction with the Editorial Board are reviewed by the Associate
Editors and two or more external reviewers. Acceptance by the Editor is based on
the quality of the work as substantial contribution to the field and on the overall

presentation of the manuscript.

SUBMISSION OF PAPERS

1. Manuscripts should be submitted to:

Angela M. Vianna-Morgante, Editor-in-Chief

Genetics and Molecular Biology

Rua Capitdo Adelmio Norberto da Silva, 73614025-670, Ribeirdo Preto, SP/ Brasil

2. A submission package sent to the Editorial Offic e must contain:

a) A cover letter signed by all authors stating that they have approved the
submission of the manuscript and that the findings have not been published or are

not under consideration for publication elsewhere.

b) A hard copy of the manuscript, including original figures.
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c) A copy of any unpublished or in-press companion articles referred to in the

submission.

d) An electronic copy of the text, tables and figures. Formats for text are Word or
RTF, in Windows platform. Images in TIFF or JPEG formats should be sent in
separate files (For Figures see detailed instructions in 3.1.h). Mailed disks must be

labeled with the first author’s last name; platform and software (see detailed )ins

3. Categories of Contribution

3.1. Research Articles

Manuscripts must be written in English in double-spaced, 12-point type
throughout, including the References Cited section, appendices, tables and
legends; printed on one side only of A4 paper with 2.5 cm margins; marked with
consecutive page numbers, beginning with the cover page.

The following elements must start on a new page and be ordered as they are

listed below:

a) The title page: Must contain: a concise and informative title; the authors’
names (first name at full length); the authors’ institutional affiliation, including
department, institution, city, state or province and country; different affiliations
indicated with superscript numbers; a short running title of about 35 characters,
including spaces; up to five key words; the corresponding author's name, postal
address, phone and fax numbers and email address. The corresponding author is
the person responsible for checking the page proofs, arranging for the payment of
color illustrations and author’s alteration charges.

b) The Abstract:. Must be a single paragraph that does not exceed 200 words and
summarizes the main results and conclusions of the study. It should not contain

references.

c) The text: Must be as succinct as possible. Text citations: articles should be
referred to by authors’ surnames and date of publication; citations with two authors

must include both names; in citations with three or more authors, name the first
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author and use et al. List two or more references in the same citation in
chronological order, separated by semi-colons. When two or more works in a
citation were published in the same year, list them alphabetically by the first author
surname. For two or more works by the same author(s) in a citation, list them
chronologically, with the years separated by commas. (Example: Freire-Maia et
al., 1966a, 1966b, 2000). Only articles that are published or in press should be
cited. In the case of personal communications or unpublished results, all
contributors must be listed by initials and last name (et al. should not be used).
Numbers: In the text, numbers nine or less must be written out except as part of a
date, a fraction or decimal, a percentage, or a unit of measurement. Use Arabic
numerals for numbers larger than nine. Avoid starting a sentence with a number.
Binomial Names: Latin names of genera, species and intraspecific taxa in the text
must be printed in italics; names of orders and families should appear in the Title
and also when first mentioned in the text. URLs for programs, data or other
sources should be listed in the Internet Resources Section, immediately after the
References Section, not in the text. URLSs for citations of publications in electronic
journals should appear in the reference section.

The text includes the following elements:

Introduction — Description of the background that led to the study.

Material (or Subjects) and Methods - Details relevant to the conduct of the

study. Statistical methods should be explained at the end of this section.

Results — Undue repetition in text and tables should be avoided. Comment on
significance of results is appropriate but broader discussion should be part of the

Discussion section.

Discussion — The findings of the study should be placed in context of relevant
published data. ldeas presented in other publications should not be discussed
solely to make an exhaustive presentation.

Some manuscripts may require different formats appropriate to their content.
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d) The Acknowledgments: Must be a single paragraph that immediately follows

the discussion and includes references to grant support.

e) The References Section: Section: references must be ordered alphabetically
by the first author surname; references with the same first author should be
ordered as follows: first, as single author in chronological order; next, with only one
more co-author in alphabetical order by the second author; and finally followed by
references with more than two co-authors, in chronological order, independent of
the second author surnames. Use standard abbreviations for journal titles.

Only articles that are published or in press should be included in this section.
Works submitted to a publication but not yet accepted, personal communications
and unpublished data must be cited within the text. “Personal communication”
refers to individuals other than the authors of the manuscript being submitted,;
“unpublished data” refers to data produced by at least one of the authors of the

manuscript being submitted.

Sample journal article citation:

Breuer ME and Pavan C (1955) Behaviour of polytene chromosomes of
Rhynchosciara angelae at different stages of larval development. Chromosoma
7:371-386.

Yonenaga-Yassuda Y, Rodrigues MT and Pellegrino KCM (2005) Chromosomal
banding patterns in the eyelid-less microteiid lizard radiation: The X;X;X2X2: X3 XY
sex chromosome system in Calyptommatus and the karyotypes of Psilophtalmus

and Tretioscincus (Squamata, Gymnophthalmidae). Genet Mol Biol 28:700-709.

Sample book citation:

Dobzhansky T (1951) Genetics and Origin of Species. 3rd edition. Columbia
University Press, New York, 364 pp.

Sample chapter-in-book citation:
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Crawford DC and Howard-Peebles PN (2005) Fragile X: From cytogenetics to
molecular genetics. In Gersen SL and Keagle MB (eds) The Principles of Clinical

Cytogenetics. 2nd edition. Humana Press, New Jersey, pp 495-513.

Sample Electronic Article citation:

Simin K, Wu H, Lu L, Pinkel D, Albertson D, Cardiff RD and Van Dyke T (2004)
pRb inactivation in mammary cells reveals common mechanisms for tumor
initiation and progression in divergent epithelia. Plos Biol 2:194-205.

http://www.plosbiology.org .

f) Internet Resources Section: This section should contain a list of URLs
referring to data presented in the text, software programs and other Internet
resources used during data processing. When databases are cited, date of

consultation must be stated.

Sample Internet Resource citation:

Online Mendelian Inheritance in Man (OMIM), http://www.ncbi.nlm.nih.gov/OMIM
(September 4, 2005)

LEM Software, http://dir.niehs.nih.gov/dirbb/weinbergfiles/hybrid_design.htm

g) Tables: Each table must start on a new page. A concise title should be
provided above the table. Tables must be numbered consecutively in Arabic
numerals. Each column must have a title in the box head. Footnotes typed directly
below the table should be indicated in lowercase superscript numbers.

h) Figures: Must be numbered consecutively in Arabic numerals. Legends should
be typed on a separate sheet. A set of original illustrations of the highest quality
must be provided in glossy paper. If you have created figures electronically submit
them also as hard copies. Scanned figures should not be submitted. Images
should be in TIFF or JPEG format and provided in separate files. Figures in Word
format cannot be published. Journal quality reproduction will require grayscale and
color at resolution yielding 300 dpi. Authors should submit bitmapped line art at

resolution yielding 600-1200 dpi. These resolutions refer to the output size of the
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file; if it is anticipated that images will be enlarged or reduced, the resolutions
should be adjusted accordingly. Identify each illustration by affixing on the back a
label containing: the number of the figure, the name of the first author and an
arrow indicating top of illustration. lllustrations supplied on disks must follow
instructions in item 2 (Submission package). Color illustration can be accepted, but
authors are asked to defray the cost. For costs of color figures, check with the
Editorial Office.

1) Nomenclature: Should adhere to current international standards.

j) Sequences: May appear in text or in figure. DNA, RNA and protein sequences
equal to or greater than 50 units must be entered into public databases. The
accession number must be provided and released to the general public together
with publication of the article. Long sequences requiring more than two pages to
reproduce will not be published unless the Editorial decision is that the publication

Is necessary. Complete mtDNA sequence will not be published.

k) Data access : Reference should be made to availability of detailed data and

materials used for reported studies.

l) Ethical issues: Reports of experiments on live vertebrates must include a brief
statement that the institutional review board approved the work. For experiments
involving human subjects, authors must also include a statement that informed
consent was obtained from all subjects. If photos or any other identifiable data are

included, a copy of the signed consent must accompany the manuscript.

3.2 Short Communications:  Present brief observations that do not warrant full-
length articles. They should not be considered preliminary communications. They
should be 15 or fewer typed pages in double spaced 12-point type, including
literature cited. They should include an Abstract no longer than five percent of the
paper’s length and no further subdivision with introduction, material and methods,
results and discussion in a single section. Up to two tables and two figures may be

submitted. The title page and reference section format is that of full-length article.
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3.3 Letters to the Editor: Relate or respond to recent published items in the
journal. Discussions of political, social and ethical issues of interest to geneticists

are also welcome in this form.

3.4 Review Articles: Are welcome.

3.5 Book Reviews: Publishers are invited to submit books on Genetics, Evolution
and related disciplines, for review in the journal. Aspiring reviewers may propose

writing a review.

3.6 History, Story and Memories:  Accounts on historical aspects of Genetics
relating to Brazil.

4. Proofs: Page proofs will be sent to the corresponding author. Changes made to
page proofs, apart from printer's errors, will be charged to the authors. Notes
added in proof require Editorial approval.

5. Reprints: Reprints are free of charge and provided as a pdf-file.
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